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INSTALLATION, OPERA 
TION AND MAINTENANCE 

INSTRUMENTS IN 

MECHANICAL ENGINEERING 

• 

I NSTRUMENTS are the senses of industr>% and are used to augment the 
human senses and to detect, measure, record, and control the many pheno- 
mena encountered in manufacturing processes and id the operation of 
machinery. Of these, the most important are pressure and vacuum, temperature, 
speed, volume, weight, and flow. Instruments are also used for inspecting 
materials and conducting tests of strength and endurance. The tendency to-day 
is to mount instrumeots on panels in a position for easy observation, and many 
types are designed for this purpose. The power-station instrument panel (Fig. 1) 
is a good example of the centralisation of instruments. Included are flowmeters, 
•pressure gauges, electrical thermometers with selector switches, pressure ther- 
mometers (two fitted with electric contacts), and in the centre a U-column gauge 
to show the absolute pressure in the condenser. 

Many machines and processes are now controlled entirely by instruments 
which open and close valves and switches, thus improving both quality and 
efficiency of opera^on and avoiding much tedious manipulation. 

PRESSURE 

Pressure is usually measured in pounds per square inch (p.s.i. or Ib./in,*) 
above that of the atmosphere, which exerts a pressure of 14-7 p.s.i. approximately. 
A pressure below atmospheric is called a vacuum, and is measured in inches of 
mercur;^. Low pressures an^ draughts are given in inches of water. A simple 
pressure gauge is the U-tul/e manometer, which measures pressure by the differ- 
ence of level between th(? liquid in the two limbs. For general use the single- 
column gaup (Fig. 2) is preferred. The pressure is applied to the cistern and 
read off directly on the scale. For vacuum readings the connection is made to 
the top of the column. The cup at the top prevents the liquid spilling if too much 
pressure is applied. TJiis design is simple and reliable, and is used for pressures 
up to 20 p.s.i. wj^en filled with mercury and to H p.s.i. when water or oil filled. 

The Bourdon Gauge 

The dial gauge (Fig. 3) is used for measuring steam and air pressures, the 
Bourdon tube being made of phosphor bronze for pressures up to 1,000 p.s.i. 
For higher pres^qjrfis, up to a maximum of 40 tons/in.S the Bourdon tubes 
are made of heat-treated beryllium copper or spring steel. Gauges for use with 
ammonia and other substances which attack copper alloys may have all contact 
parts made of steel. 
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. 2 INSTALLATION, OPERATION AND MAINTENANCE 

The tube, which is of oval section, tends to straighten when pressure is 
applied, so that the free end lifts in proportion to the pressure. It is connected 
to the pointer by a fine-toothed magnifying gear. Like most modern instruments, 
pressure gauges are made in types suitable for flush panel mounting, surface 
mounting (as shown), or direct mounting. 

Diaphragm Gauges 

Bourdon gauges are^iot recommended for pressures below 15 p.s.i., and are 
rarely made for pressures bdlow 5 p.s.i., so that diaphragm or capsule gauges 
are often used. These are less Ifeble to damage through misuse, and diaphragm 
gauges can be made in special patterns for handling corrosive chemicals, with- 
standing pressure, and dealing with liquids which would clog an ordinary gauge. 



FiO. 1 .-—Power-station instrument panel {George Kent, Ltd) 
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Fig. 2 (/^/r).— S ingle- 

column LIQUID PRESS! IRE 
GAUGE 


Fig. 3 (r/g^/i/).— B ourdon 
DIAL gauge EUR 
measuring steam and 
AIR pressures 




The altimeter (Fig. 4) is an example of 
a capsule gauge. The twin aneroid cap- 
sules are completely evacuated and sealed 
off. As the altitude increases, the atmo- 
spheric pressure inside the case decreases 
and the capsules distend and rotate the 
pointers through the magnifying gearing. 
Three pointers show hundreds, thou- 
sands, and tens of thousands of feet 
respectively, and are geared together like 
the hands of a clock. Because of the great 
magnification the movement is jewelled 
throughout to reduce friction. By setting 
the counter to the ground atmospheric 
pressure in millibars, the altimeter shows 
the height over the aerodrome. 


Installation 

Pressure gauges must not be screwed directly into steam lines, but should be 
protected by "a water seal formed by a proprietary siphon or a length of pipe 
to prevent live steam reaching the gauge. Gauges mounted on panels may be 
^bove or below^ the tapping point, but if so, allowance must be made for the 
head of liquid in the connectidg pipe during calibration. When fitted to hydraulic 
lines, protection against pressure shocks should be given by fitting a needle valve 
or other protective device. 
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TEMPERATURE 

Correct temperature measurement is essential for the efficient running of all 
types of power plants, for the heat treatment of metals and in many other 
processes. In this country, the Fahrenheit scale is inigeneral use (water freezes at 
32° F. and boils at 212° F.), ^ 

but for scientific work the ° bourdon cojl 

Centigrade scale (water freezes 
at 0° C. and boils at 100° C,) is 
used. Temperatures for the 
heat treatment of metals are 
also given in Centigrade. The 
temperatures used in industry 
range from — 200° C. for 
deep freezing to 3,400° C. for 
molten tungsten. Glass 
thermometers are simple and 
reliable, and are used for 
temperatures down to — 100° 

C. and up to -f- 450° C., but Fig. 5.— Pressure-actuated thermometer 
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are fragile and difficult to 
read from a distance. Dial 
thermometers are much more 
easily read, can be mounted 
Up to 150 ft. away 'from the 
bulb, and cover a range of 
~ 20° C. to + 600° C. Mer- 
cury-in-steel and vapour ther- 
mometers (Fig. 5) ye pressure 
operated, the bulb being con- 
nected to a special form of 
pressure gauge by a capillary 
tube enclosed either in a 
flexible sheathing, which can 
be laid like electric cafile, or 
for direct mounting in^ short 
rigid stem. 

Pressure-actuated Thermo- 
meters 

Mercury-in-steel thermo- 
meters have steel bulbs, capil- 
lary tubes and coils, and are nlled with mercury under high pressure. The ex- 
pansion of the mercury in the bulb causes an increase in pressure, and this 
operates the coil and pointer. The effects of temperature variations on the 
capillary and coil are minimised by using a capillary with a very fine (0*005 in.) 
bore and by bi-metallic compensators. Vapour thermometers are made of non- 
ferrous metal, and are partially filled with a volatile substance, such as ether or 
methyl chloride. The increase of vapour pressure with temperature operates the 
pointer, ff'he scale is non-uniferm, and is easiest to read at the higher tempera- 
tures, and this type is most useful when temperatures are fairly constant. 
Mercury thermometers have uniform scales, and are best for general use up to 
500° C. Bulbs in pressure pipes and steam lines are protected by a pocket of 
suitable material. 

Bi-metallic Dial Thenllometers 

Bi-metallic dl8l thermometers have a helix of bi-metal in the bulb which 
twists with changes of temperature and rotates the pointer either direct or 
through gearing. The bulbs of dial thermometers are normally fitted with a 
|-in. B.S.P, union connection, and the sensitive portion is in. diameter 
and 3 in. long. Fqr.accuracy the bulb must be located at a representative point 
and the whole of it thoroughly heated. Pockets arc used for bulbs inserted in 
pipes under pressure to protect them and enable them to be taken out without 
releasing pressure. 

E.W.P. IV— 1* 


HOT JUNCTION COLD JUNCTION 

I DIFFERENT MILLIVOLTMETER ' 1 
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Thermocouple Pyrometers 

A thermocouple (Fig. 6) is formed when two wires of different metals are 
joined together and one junction is heated. The E.M.F. (voltage) produced is 
measured by a millivoltmeter or potentiometer. The instrument is calibrated in 
degrees, and may have automatic compensation for variations in cold junction 
temperature. For furnaces, couples are made of 100 per cent, platinum/90 per 
cent, platinum, 10 per cent, rhodium. The potentiometer measures the E.M.F. 
by comparing it with f. standard cell. Manual potentiometers are used for 
testing. The automatic type shown has motor-driven balancing mechanism, and 
records a number of temperatures by an automatic selector switch. 

Although thermocouples will measure temperatures from - 2C0'' C. to 
+ 3,000° C., in engineering they are mainly used over the range 500° to 1 ,450° C. 
for hardening and tempering furnaces and to 3,000° C. for molten metals. For 
laboratory work, unprotected thermocouples are use4 because of their great 
sensitivity, and surface temperatures can be taken very accurately with thermo- 
couples made of thin strip pressed on to the surface. Covples for industrial use 
are usually protected by substantial refractory sheaths to avoid corrosion. 
Indicators fitted to heat-treatment furnaces are of the edgewise type, but large 
circular dials (Fig. 7) are preferred for molten-metal readings. Most recorders 



Fig, 7.~Measurinq the temperature of molten steed 
{Tinsley Industrial Instruments^ Ltd.) 
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Fig. 8.— Resistance thermomfttr buld 

are ©f the potenflomelcr type, and record a number of temperatures simul- 
taneously. 

Resistance Thermometers 

In this type of thermometer (Fig. 8), the brass sheath soldered into a screwed 
socket contains a resistance element which is sensitive to temperature changes, 
and a non-temperatiire-sensitive resistance for calibrating to a standard. The 
bulb is connected ty leads to a ratiometer indicator which compensates for lead 
errors. Current is supplied from the mains through a transformer, rectifier, arid 
.barretter, or from a battery. Resistance thermometers are used on aircraft for 
air, wgjter, and oil temperatures, ard avc preferred to the pressure type, because 
it is easier to install and maintain a cable which can be disconnected at both ends 
than a c .pillary which.cannot be detached from the instrument. If desired, a 
number of bulbs can be connected to one indicator through a selector switch, so 
effecting an appreciable economy in first cost. The platinum resistance ther- 
mometer used in conjunction with an accurate resistance box is an extremely 
accurate instrument, and forms the basis of the international temperature scale. 

Optical and Total Radiation Pyrometers 

Bodies and furnaces at temperatures above 500'" C. emit light, and it is 
possibly to measure the temperature optically without making direct contact. 

The readings may not be so accurate 
as by contact methods, but the in- 
accuracies in any particular applica- 
tion are often constant and can be 
allowed for. Optical pyrometers have 
a telescope which is sighted on the 
object or furnace wall, and the 
operator judges when the colour is 
the same as that of the filament of a 
lamp in the instrument and controlled 
by a resistance. A dial gives the cor- 
responding temperature. 

In the total radiation pyrometer 
(Fig. 9) the radiant heat from the 
furnace is focused on to a thermo- 


THERMOCOUPLE • 



Fig. 9.—Total radiation pyrometer 
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couple or photocell by the objective lens, and the current produced is shown 
on a meter as the temperature. These pyrometers give continuous readings and 
can be used for control purposes. For permanent installation the case can be 
water-cooled. Both these pyrometers are suitable for molten metals, glass 
furnaces, rolled sections, refractories, etc. The distance is not important so long 
as* the image completely fills the lens. 

SPEED 

Speed Indicators j^Tachometers) 

The magnetic drag tachometer (Fig. 10) isAvidely used as a car speedometer, 
for aircraft engine speed indicators, and for hand tachometers. The drive from 
the main spindle (a) is taken through a three-speed geafbox operated by an 
external knob (m) to a worm drive. The drive is then taken through a gear train 
(o, and /*), which gi^ps a unidirectional drive whatever the direction of rotation 
of the main spindle (a). The instrument pointer is attached to an aluminium cup 
(v*0, which is affectid by the rotary magnet (v), the eddy currents produced 
tending to turn the cup against the resistance of the hairspring (y). The strength 
of the hairspring is chosen so that the pointer indicates the correct speed. The 
knobs (z) when pressed hold die pointer from returning to zero and allow the 
reading to be taken after the tachometer has been withdrawn. 

Car speedometers are driven by a flexible shaft, but on aircraft and loco- 
motives, where the distance is too great for this, a three-phase generator driven 
by the engine or wheels is connected 
to a synchronous motor mounted in 
the back of the tachometer case. 

The pendulum-type tachometer 
has a weighted pendulum fitted to 
the rotating spindle which flies out 
under centrifugal force and so 
operates the pointer. .Pendulum 
tachometers, unlike magnetic ones 
which commence to read at zero, are 
only suitable for a restricted speed 
range, butT^ecause of their more open 
scale, are preferred for constant-speed 
turbines and engiqps. Tachometers 
and generators^may be driven direct 
from the end of a cam or similar 
shaft, or by flexible shaft or belt, which- 
ever method is most convenient. 

The Stroboscope, 

An electronic controller 'causes a 
discharge lamp to give a succession 
of flashes of a few micro-secor^« 
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duration. The number of these flashes 
can be read off on a dial. If the strobo- 
scope lamp is shone on to moving 
machinery, when the number of flashes per 
minute are the same as the speed of the 
machine, the moving parts will appear to 
be stationary. When the speed of flashing 
is varied slightly, the machine parts appear 
to be moving slowly, and the effects of 
stresses, bounce, and vibration can readily 
be observed. 

In the stroboscope illustrated in Fig. 
11, the case contains a multi-vibrating 
thermionic valve circuit connected to the 
discharge lamp let into the front. The 
frequency is controlled by a potentiometer 
operated by the upper knob, the setting being shown on the scale above. 
To check a speed the frequency is gradually reduced until the moving parts 
appear to be stationary; they will also appear stationary if the frequency is a 
aubmultiple (i, -J-, i, etc.) of the speed. By slightly varying the frequency, a 
mechanism can be examined in slow motion. 



% ^ 


Fig. ] 2.— Inferential water meter 
{Leeds Water Meter Co., Ltd.) 


VOLUME AND FLOW 

It is now accepted that for efficiency and economy all fluids used in bulk 
should be metered both where they are produced and where they are used. 
Small meters, such as those used for gas, water, and liquid fuels, have a piston 
or bellows which is moved by the fluid passing through the meter. The action is 
positive and the readings accurate, but the capacity Js limited, nor is it possible 
to use this type for hot fluids. The quantity metered may be shown on a dial 
attached to the meter ; in aircraft the amount of fuef used is recorded on the 
pilot’s instrument panel by a counter which is actuated by a switch on the meter 
at each tenth gallon. 


Inferential Meters 

Inferential meters have a turbine or helical vane in the fluid stream which is 
rotated like a propeller and geared to a counter. They are not so accurate as the 
piston type, but can be used for steam and flows of any magnitude. An inferen- 
tial meter is illustrated in Fig. 12. The turbine is rotated by the water passing 
through the meter, the number of revolutions varying with the volume of flow. 
The lower gear operates in water, and the movemefit is then transmitted through 
a gland to the dial gear, which is in air. A meter of this type will handle water 
at a pressure of 200 lb. per square inch and temperature of 300° F, 
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Differentia] Meters 

The differential pressure flowmeter (Fig. 13) which measures the pressure 
drop as a Venturi tube or orifice plate in the flowstream is of universal applica- 
tion. The meter can be mounted away from the pipe, there are no moving parts 
in the fluid, nor is there any limitation as to the nature of the fluid. The Venturi 
tube forms a constriction in the pipe, which increases the velocity and so lowers 
the pressure. Tappings are led to a differential pressure gauge, which consists 
of a steel U-tube containing mercury. A float on top of fhe mercury is connected 
through a pressurenight gland to a recording pen 5r counting mechanism. The 
flow varies with the square root of the differentia pressure, and either the chart 
is calibrated to suit or a cam mechanism converts the readiiig to a straight-line 
law. A Venturi tube has a short approach taper and a long downstream taper 
and causes negligible loss of head. The orifice plate gives similar results, and is 
considerably cheaper t(9 make and install, but it causes a loss of head equal to 
approximately 50 per cent, of the differential pressure. The meter itself (Fig. 14) 
is usually of the retofting type, and the flow is recorded continuously on the 
clockwork-driven chart, and can also be totalised by fitting an integrating 



ORIFICE PLATE 


Fig. 13.— Differential flowmeter 
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mechanism. Meters for gas and steam give 
a pressure record also, as the amount passed 
varies with the pressure as well as with the 
velocity. 

Installation of Flowmeters 

Flowmeters must not he subjected to 
rapid fluctuations of flow, as these can 
cause serious inaccuracies. Meters should 
be installed as far away from valves, bends, 
and side branches as possible, and there 
should be at least fifteen diameters of 
straight pipe either side. Differential meters 
should be below the pipe if possible, and 
provision should always be made for 
bleeding the connection tubes between 
pipe and meter, as the presence of even a 
small quantity of air will cause serious 
inaccuracies. 

Pitot Tube 

This has a tifbe facing upstream, and 
either a similar tube facing downstream or 
a shielded tube to give the static pressure. 
The rate of flow varies as the square root 
of the difference of the pressure in the two 
pipes. Pitot tubes are occasionally used for measuring the velocity of fluids in 
pipes, but nowadays their chief use is as air-speed indicators in aircraft. As it is 
impracticable in aircraft to use a double tube, the pitot tube and static tube are 
incorporated in one unit (Fig. 15) and connected to a sensitive differential 
gauge calibrated in miles per hour or knots. The static tube is connected to the 
inside of the case and the pressure tube to the diaphragm. The difference of 
pressure is shown as the speed. , 

Liquid Level Measurement 

The level of the liquid in tanks (Fig. 16), reservoirs, etc., can.be measured 
directly or, as is often more 
convenient when the tank is 
inaccesssible, shown at a distance 
on a dial gauge. A simple method 
is to fix a gauge glass, similar to 
a boiler water-level gauge, to the 
side of the tank (A), but clearer 
readings are given with some 
form of dial gauge such as the 




Fig. 14.— Flowmeter 
{George Kent, Ltd) 


Fig. 15. — Pitot tube 
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Fig, 16.— Measuring level of liquid in a tank 

R. & G. Fluid Measure (Fig. 17). The float is pivoted on a spindle, which 
operates the pointer through a rotating magnet, no stuffing box being necessary. 

A Bourdon pressure gauge fitted level with or slightly below the tank bottom 
will indicate the height of liquid, and can be mounted at a distance (Fig, 16 C). 
Special 3ourdon gauges which allow for the head of water in the downpipe are 
suitable for overhead tanks such as power-station surge tanks (Fig. 16 D). 
Pneumatically operated ^essure systems can be used with the dial up to 1 50 ft. 
away from the tank : a vertical pipe is fixed in the tank, with its open end near 
the bottom and its upper end connected to a pressure gauge. Air is then pumped 
into the system until it bubbles out at the end of the pipe. The gauge, suitably 
calibrated, will show Jhe level of liquid (Fig. 16 E). A similar system dispenses 
with the pump, gnd uses a very flexible rubber diaphragm to seal the ends of 
the dip pipe. Float gauges give the volume of liquid, whilst pressure-operated 
tank gauges give equal increments for equal weights of liquid, the specific 
gravity of whibh must be known if the volume is required. A description of an 
electronic tank gauge (Fig. 16 F) is given on page 27. 

AUTOMATIC CONTROL 

By controlling automatically such factors as pressure, temperature, flow, 
speed, liquid level, specific gravity, humidity, and time, greater efficiency 
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and economy are often obtained, whilst tedious manual operation with its lack 
of accuracy is eliminated. There are several methods of automatic control in 
general use. Four are illustrated in Fig. 18 : 

A. On/off.— T he temperature fluctuates between two extremes, the frequency 
of operation of the switch depending on the load. 

B. Proportional. — A change of load causes a corresponding shift from the 
set value, and this in turn causes the valve or damper opening to be adjusted, 
but the set value is only*attained for the standard load. 

C. Proportional Plus ‘Floating.— T he addition of the floating control 
makes it possible to restore the value to the original setting whatever the loading, 
short of an overload. 

D. Proportional Plus Floating Plus First Derivative.— This takes into 
account the rate of change of a value, and reduces the tendency to overcorrect, 
so, in practice, giving closer control than C. 

Most simple controllers, especially electrical ones, are of the on/off type, 
and are suitable where no great accuracy is required ^and where there is a 
reservoir of energy which can be drawn on during the “off” period. They are 
used for controlling electric furnaces, air compressors, pumps for filling tanks, 
etc. When energy must be supplied continuously, as for example to a steam 

turbine, a more flexible control is neeaed, and 
pneumatic or hydrauUc controllers are used. 
For proportional control the steam valve is 
opened in proportion to the decrease of 
speed caused by an increase of load, so that 
the speed is continually changing as the load 
varies, and if there is a permanent increase of 
load, the speed will be reduced unless the 
governor is reset. This is done automatically 
in the proportional and floating system which 
superimposes a tendency to correct any 
departure from the control point. In practice 
there are many factors which cause control to 
be erratic, and it is to deal with these that the 
more complicated systems, such as propor- 
tional, floating, and derivative, are used. 

Thermostats 

Simple thermostats have a bi-metallic 
element in rod or strip form which operates 
a switch or gas valve as the temperature 
changes. Rod-type elements are of limited 
application, and are mainly used for water 
heaters. Strip elements are very compact and 
Fio. 17.-FLOAT-OPERATED TANK sensitivc, and can be incoriJorated in the 

DIAL GAUGE (Bayham, Ltd.) mechanism to give protection against over- 
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heating. For general use, a 
thermostat operated by a mercury- 
in-steel or vapour thermometer 
element is preferred, as this en- 
ables a bulb to be located in the 
best position with the thermostat 
itself mounted visibly. 

The Indicating thermostat 
shown* in Fig. 19 indicates the 
temt)erature and also operates a 
12-amp. A.C. 25i0-v. switch at the 
temperature shown by the setting 
pointer. This is suitable for con- 
trolling plastic moulding presses, 
refrigerator motors, etc. With 
other instruments incorporating 
mercury switches, currents up to 
20 amps. A.C. or D.C. can be 
handled. A thermocouple-actu- 
ated indicator, incorporating a 
switch which cuts off when the set 
point is reached, is used for heat- 
treatment furnace control. As the 
millivoltmeter movement is not 
powerful enough to work a switch 
direct, it is necessary to fit either a motor-driven trip or an electronic amplifier 
acl ualed by a vane on the pointer. Gas and 
oil supplies are frequently controlled by 
a magnetic valve working with an electrical 
thermostart. 

Non-electrical thermostats for control- 
ling steam have a bulb connected to a 
metallic belloivs which is partially filled 
with a volatile liquid. The bellows iS con- 
nected to the valve stem and the variation 
of vapour pressure withrfemperature opens 
or closes the stea» valve. An instrument 
of this type is illustrated in Fig. 20, which 
shows the bulb on the right of the valve. Its 
operating temperature is adjustable over a 
fixed range, various ranges being obtain- 
able. The difference in temperature between 
fully open and fully closed is approximately 
9^" F., but this varies with the size of valve 
and operating temperature range. 



Fio. 19.— Indicating thermostat 
{The British Thermostat Co., Ltd) 



Fig. 18.— Auiomatic control method.s 
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Pressurestats 

Reducing valves give a low-pressure supply 
of gas or steam from a high-pressure source. 
They are operated by a diaphragm connected 
to the low-pressure side and loaded, by a 
spring or weight to give the required pressure. 
Demand causes the pressure to drop slightly, 
so that the diaphragm moves under the load 
and opens the valve until the pressure is 
restored. 

The control of air compressors and pumps 
and the operation of low- and high-pressure 
alarms is often carried out with pressure ' 
gauges fitted with electric contacts (Fig. 21) 
operating through relays if the current exceeds 
0*5 amp. Pressures Itom 1 in. of water to 6 
tons per square inch can be dealt with to an 
accuracy of 1 per cent. Bellows-operated 
pressurestats are used for certain specialised 
purposes, such as stopping and starting 
ordinary air compressors. 

Pneumatically Operated Controllers 

When processes must be controlled more 
accurately than is possible with a simple thermostat or pressurestat, some means 
of varying the power input with the load must be adopted, and compressed 
air, because of its flexibility, is usually employed for operating instruments of 
this type. The pneumatic controller is usually combined with a recording 
instrument, so enabling the variations 
of the controlled value to be recorded 
on a clockwork-driven chart, and at 
the same time operate the instrument. 

This makes it pdssible to check the 
accuracy of the control and make 
adjustments, the need for which may 
only become apparent after a period 
of use. The controller mechanism is 
designed to allow for the inevitable 
timelags which occur in its response to 
changes in the process and the taking 
effect of the correcting action. Both the 
amount and rate of the variation are 
taken into account so as to prevent 
over-correction and hunting. The 
controller is connected by pipes to the 



Fig. 21.— Pressurestat 
{Budenberg Gauge Co., Ltd.) 



Fig. 20.— Thermostatic valve 
{The British Thermostat Co., Ltd.) 
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Fig. II.—Mech \nism of fully automatic controller {George Kent, Ltd.) 


actuating elements which are usually pneumatic diaphragm valve or power 
cylinders, Resigned so that they open or close in proportion to the air pressure 
from the controller. Valves are used for controlling steam, gas, water, oil, etc. 
Power cylinders are employed when valves are unsuitable. 

Fig. 22 is a amplified diagram of a fully automatic controller. The instrument 
mechanism incorporates two members A and B. A is pivoted to the main frame, 
and is moved up and down by the set pointer. B is pivoted to A and attached 
to the sensitive element, e.g. a thermometer. B has a link C which actuates the 
nozzle flapper, anc^s connected at the other end to the cranked rod G, described 
later. Compressed air passes to the nozzle through the restriction, and a small 
movement of the flapner (about 0 001 in.) can vary the pressure between 
restriction and liozzle from 0 to 17 p.s.i. These variations control the openings 
of the spring-loaded diaphragm valve. (In practice, an air relay is used between 
nozzle and valve to speed up the response.) If the temperature is too high, 
member B drops as shown, and lifts the flapper so that the end is uncovered 
and the internal pressure drops, partially closing the valve. The pressure is also 
reduced in the proportional chamber so that the bellows H expand and cranked 
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rod G turns anticlockwise, so closing the 
flapper. This gives proportional control 
(Fig. 18 B), If air is allowed to leak 
through the adjustable restrictor V/; the 
pressure either side of the bellows is 
gradually equalised and. tends to return to 
its original position, and proportional plus 
floating control is obtained (Fig. 18 C). 
The addition of a val^ie \d to slow, up the 
transmission of pressure to the proportional 
chamber causes a delay which varies with 
the rate of change of temperature and so 
gives control as in Fig. 18 D. The above 
describes what happens when one isolated 
disturbance takes place. In practice changes 
are always taking place and the mechanism 
moves continuously, and the controls are 
Fio. 23. — Aoiomatic potentiometer set to give the best results for the particular 

CONTROLLER {George Kent, Ltd.) proceSS. 

Applications 

These controllers can be applied to temperature, pressure, humidity, flow, 
density, liquid level, pH, etc., and their uses include the control of temperatures 
Df superheated steam, general and oil industry process plant, steel furnaces, 
dins, etc. It is interesting to note that pneumatic control is used even when the 
;emperature is measured electrically by a recording potentiometer (Fig. 23). 
However good a controller, it will not function satisfactorily unless it is possible 
to measure accurately and reliably the controlled value, and this must be kept 
in mind when designing a plant with which it is intended to use one of these 
controllers. It is also essential that the available supply of energy 'should be 
ample to meet any demands. 

INSTALLATION AND MAINTENANCE OF INSTRtTMENTS 

If instruments are to be relied upon, it is essential that they should be 
properly maintained, as, if inaccurate, they may give a fglse sense of security with 
possibly disastrous results. Care in selection will be amply^ repaid, and if any 
doubt arises, it will be found that most reputable manufa:cturers are more than 
willing to offer advice and technical assistance. Installation is also important, 
and to-day the tendency is to group instruments in convenient positions where 
they can most easily be read by the users. Panel mounting usually involves pipe- 
lines, and these must be run so that they can be bled to remove air locks if 
liquid filled, or condensation if working on gaS or air. Steam should always be 
condensed by a siphon or chamber, so that connecting pipes are water filled. 
Pressure-operated instruments are affected by the head of liquid in the connect- 
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ing pipe, and if this amounts to more than 1 per cent, of the working pressure, 
allowance should be made during calibration. The capillaries of distance ther- 
mometers need installing with care as, if damaged, the instrument becomes 
useless. They should be laid in such a way that there would be no difficulty in 
subsequently removing the instrument should this become necessary. 

Instrument Department 

If a large number of instruments are in use, it is desirable to have a separate 
instrument department, which should preferably be'self-contained, well lighted, 
and centrally situated. The minimum equipment would include a bench with 
vices, drilling machine, and, for making spare parts in an emergency, a small 
bench lathe. There should be storage racks for spare instruments and those 
awaiting repair, and a clear wall for suspending the larger types whilst testing. 
The testing equipment itself would normally include an electrical test panel, 
with tappings for all voltages likely to be needed, indicator lamps for circuit 
testing, and a Grade 1 ammeter and voltmeter. If many thermometers are 
installed, then a gas or electrically heated test bath is necessary. This should 
be filled with glycol for temperatures up to 150° C. and a low melting-point 
fusible sab for higher temperatures. Oil can be used, but is not recommended, 
as it is Very sluggish at low temperatures and fumes badly at the higher ones. 
For checking temperatures up to 400° C. etched-on-glass thermometers with an 
N.P.L. certificate are useful. If there are many thermocouple pyrometers, then a 
potentiomete»*-typc resistance box is recommended, as it can be used to measure 
temperature with standard thermocouples and also for checking indicators. A 
deadweight tester is to be preferred for pressure-gauge testing, as this gives a 
permanent standard. Pressure gauges graduated to less than 20 p.s.i. and 
vacuum gauges are best tested against a liquid column (Fig. 2). 

It is always best to service instruments regularly, and a card index should be 
kept for each instrument to make sure it is overhauled at regular intervals. 

J. R. F. 



ELECTRONICS IN 
MECHANICAL ENGINEERING 

M any problems which*are difficult or impossible to solve by ordinary 
means can often be done efficiently by electronic methods. Electronic- 
ally produced high-frequency currents, with characteristics very differ- 
ent from the standard 50-cycle currents, can be used for heating and in the 
operation of instruments. Electronic switches can makq, thousands of operations 
a minute, and are used, amongst other things, for operating variable-speed D.C. 
motors from the A.C. mains. u ^ 

Photocells and proximity sensitive circuits with electronic amplification 
operate without physical contact, and will control any power with a speed and 
sensitivity unapproachable by other means. 

biode Valve 

The heart of every electronic device is an electron tube, many types of which 
have been developed from the radio valve. The simplest of these is the diode 
valve, the principles of which are illustrated in Fig. 1 . As long as the anode is 
kept at a positive potential in respect to the cathode, the negatively charged 
electrons emitted by the hot cathode will be attracted by the anode and a current 
will flow. The flow ceases as soon as the anode potential falls or becomes 
negative. If an alternating current is applied, it will be rectified to D.C. as shown. 
By using two valves (or two elements in one envelope), both halves of the A.C. 
wave can be used. 

The smaller sizes have a metal filament, but this is a weak feature of all 
valves. In the mercury bulb rectifier it is replaced by a pool of mercury, which, 
after an initial heating, provides a constant source of electrons that will carry 
very large currents. The mercury rectifier has the further advantage that one 
bulb will, rectify 3-phase current, whereas three or even six filament-type valves 
are needed for the same purpose. 

Triode Valve 

For more general use the valve has a grid (Fig. 2) interposed between anode 
and cathode, which makes it possible to control the main current from anode 
to cathode by applying small voltage variations to the grid. In the example, the 
grid is controlled by the minute variations in the photocell as the light intensity 
changes, and this causes the valve to pass sufficient current to operate an electro-, 
magnetic relay. The thyratron is a modification of the triode valve. It com- 
mences conducting when both grid and anode are positive, but only ceases when 

20 
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the outer circuit is broken or its polarity 
is reversed. 

High-frequency Eddy-current Heating 
(Metals) 

An alternating current of sufficiently 
high frequency (1 Me.) can be used to 
heat metals by placing them within or 
near a coil of copper tube connected to 
a generator. With a valve oscillator, 
powers up to 25 kW. can be generated, 
which is ample for most workshop needs. 
The eddy currents induced in the metal 
cause it to become heated and, as the 


power can be concentrated, the time 
taken is usually much ahorter than with other methods. 


By suitably shaping the coil, only the relevant part of the body need be 
heated, and by manipulation heating can be confined to the surface of the 
metal only. Fig. 3 shows the applicator unit and examples of work done on a 
2-kW. eddy-current heater. 


The applicator unit to which the coil is plugged is shown at (A ) ; soft soldering 
a Bourdon gauge tube (10 sec.) (B ) ; hardening the ends of a tappet (C) ; brazing 
the end of a tappet (D) ; soft soldering fuse caps on a conveyor (3,000 per hour) 
{£) ; annealing brass tubing by passing it through the coil (1 ft. per minute) (F). 

Eddy-current heating is most suitable for repetition work, as a special coil 
must be made for each part and the best shape determined by trial. When large 
numbers of similar parts have to be heated, it is often possible to run them past^ 
the coil on a conveyor, whilst for parts which are heated individually, a timer' 
cuts off the current automatically. By fitting high-frequency coils in cavities in 
moulds fgr plastics, it is pos- 


sible to heat them very evenly 
and efficiently. 

Soldering and t^razing 

Parts of any size or shape 
weighing not more than a few 
pounds can be heafed in a few 
seconds just where the joint is 
to be made, whereas with a 
flame it would probably be 
necessary to heat the whole 
part. Little or no scale is 
formed, and the exact amount 
of solder can be applied in 
wire form. 



Fio. 2. — Triode valve 




Fig, 3.— Eddy-current heating 

A. Applicator unit. D, Brazing the end of a tappet. 

B. Soft soldering a Bourdon gauge. E. Soft solderingfuse caps on conveyor. 

C. Hardening ends of a tappet. F. Annealing brass tubing. 

{Delapem & Son, Ltd.) 
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METAL ELECTRODES 


Fig. 4.— Dielectric heating 
The two metal plates are connected to the high-voltage 
H.F. generator, and between them is placed the material to 
be heated, which therefore becomes the dielectric of a 
condenser. 


Hardening, Tempering, and Annealing 

Eddy-current boating is particularly suitable for local and case-hardening 
small parts made from steel with more than 0-5 ^r cent, carbon and is used for 
pins, gear teeth, rockers, and other small parts. With a high-power generator, 
heating is so rapid that it does not have time to penetrate to the centre of the 
work, and an adequate hard case can be obtained by heating for 5 seconds and 
then quenching. As the centre remains cold there is almost no distortion, and 
grinding operations may often be eliminated. Because of the very local heating 
it is possible to anrreafsmall portions of hardened parts, such as the ends of 
chain pins, where they are riveted. 


High-frequency Dielectric Heating (Non-metals) 

The application of a high-frequency current to two metal plates (Fig. 4), 
separated bv a non-conductor (dielectric), causes molecular disturbances in the 
dielectric which generate lieat within the material, theorise in temperature being 
almost uniform throughout. On the other hand, with convection or conduction 
heating methods, penetration of heat to the centre is very slow, and it is almost 
impossible to obtain uniform heating in a reasonable time. 

Using a high voltage and high-frequency (up to 80 Mc/s) materials, such as 
thermo-setting moulding powders (Bakelite), can be heated before placing in 
the mould, so that curing starts immediately, instead of having to wait for heat 
to be gradually conducted from the hot mould. Not only is there a considerable 
saving in* time, but it is found that the quality of moulding is greatly im- 


proved ; in fact, some, 
mouldings can only be 
made satisfactorily if the 
powder is preheated in this 
way. Dielectric heating can 
also be used for making 
laminated materiafe and for 
the evaporation of mois- 
ture from subst^ces w Inch 
are difficult to oven dry. 

Motor Speed Control 
The problem of pro- 
viding stepless variable 
speed control on machine 



Fig. 5,— Operating a variable-speed d.c. motor from 

THE A.C. MAINS 
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Fig. 6. — “Emotrol” 

ELECTRONIC MOTOR 
CONTROLLER 
The controller panel, 
comprising thyratrons, 
transformers, contactors, 
etc., is mounted on the 
door let into the base of 
a machine tool. The stop- 
and-start buttons and 
variable-speed control 
are mounted above. 

^The British Thomson- 
Houston Co,y Ltd.) 



.tools and other machinery has been largely solved by the electronic rectification 
of mains A,C. to variable voltage D.C. This makes it possible to use variable- 
speed D.C. motors of conventional design without the A.C. motor and D.C. 
generator associated with the Ward-Leonard system. 

A speed range of up to 100 : 1 can be attained on motors up to 1,000 h.p. 
Normally, the speed is adjusted by a control knob, but if necessary, speed 
changes can be made automatically by a timing device or a trip on the machine. 
Where groups of motors are used on continuous processes, it is possible to run 
each motor at a different speed to allow for material stretch or other variables. 
Motors driving reeling drums can be slowed down as the amount of material 
on the drum increases, so as to maintain constant linear speed. ^ 

Theprinciplesofoperatingavariable-speedD.C.motor/romtheA.C.mainsare 

illustrated in Fig. 5. The D.C. supply is fur- 
nished by a bi-phase grid-controlled thy ratron 
rectifier fed from a transformer. The voltage 
supplied to the motor armature by the thy- 
ratrons is varied by^ltering the point in the 
A.C. cycle when the gri^ potential is suffi- 
ciently positive to c^use the thyratrons to 
“fire” (commence conducting).This is done 
by supplying to the thyratron grid an alter- 
nating potential lagging 90° behind the main 
supply, through a small transformer and 
resistance/capacity phase shifter, and super- 
imposing on this, through the phase shift con- 
troller, a steady potential that can be varied. 



Fig. 7. — Proximity meter 
(Fielden Electronics. Ltd) 
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The hand-operated rheostat controls 
the point in the cycle at which the grid 
potential becomes positive and, therefore, 
the firing point. If this is early, the thyra- 
tfons^ pass the full voltage, whilst if late, 
only a proportional voltage is passed. In 
the example the motor field is energised 
from a separate constant-voltage trans- 
former, but for wide speed ranges the 

field voltage must also be varied. For the jj.„check.ng LATHE BEARINGS 

sake of clarity, details are omitted of with a proximity meter 
the contacts, automatic compensation, etc. 

Up to 45-h.p. thyratrons (Fig. 6) can be used for giving the variable-voltage 
D.C. supply ; two thyratrons, operating from single-phase A.C. being used up 
to 3 h.p., and three thyratrons operating from 3-phase A.C. for the larger 
motors. The mercury-bftlb rectifier with grid control can also be used for the 
supply of variable-voltage D.C., and it has the advantage that only one bulb 
IS required. 

Variable-speed D.C. motors usually gWe a constant torque, so that the horse- 
power varies with the speed. On low speeds the power available is thus con- 
siderably less than that from a gearbox driven by a constant-speed motor, and 
this point should be noted when assessing the size of motor. 



Instruments and Measuring Devices 

The application of electronics to instruments enables an enormous increase 
of sensitivity to be obtained, whilst the absence of any inei tia makes it much 
easier to follow quickly changing phenomena. Generally, operations can be 
carried out without physical contact, either by using a photocell or by altering 
the capacity of a hi^,h-frequency circuit. 


Proximity Meter 


An example of an instrument using the latter method is the proximity meter. 



which can be adapted for 
measuring very small move- 
ments, such as those caused by 
loading a machine or structure, 
or by the forces on the slides 
of a machine tool whilst cut- 
ting. It can he used for measur- 
ing the sizes of metal parts, and 
the gauging of quantity-pro- 
duced parts with automatic 


rejection of faulty ones is also 


pacitor gauge circuit possible. Sheets and foils can 

Fig. 9.--“PAcrK)R” electronic tank gauge be gauged continuously during 
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the manufact ure with- 
out fear of damage, 
as there is no need to 
make contact. 

A proximity 
meter is illustrated in 
Fig. 7. A co-axial 
cable carries an elec- 
trode which is con- 
nected to an oscillator 
and amplifier, changes 
of the electrode cap- 
acity of as little as 
0*001 mmf. being reg- 
istered on the meter 
or used to operate a 
switch. The capacity 
of the electrode is 
affected by the move- 
. ment or approach of a solid body, a liquid, or a flame. It is also affected by 
variations in dimensions or composition of a body. 

Fig. 8 illustrates an application of this instrument. To check lathe bearings 
with a proximity meter, a test piece is turned and left in position in the chuck. 



Fig. 10.— Supersonic flaw detector 
{English Steel Corporationy Ltd.) 



BLOCK UNDER TEST 



CATHODE RAY T}JBE TRACE 


Fig. 11.— The principle of the supersonic flaw detectc» 
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Fit.. 1 2.— Photocell switch 

Photocell {centre), amplifymg valve {right), and magnetic relay {left). The unit is housed 
in a substantial case with a small window. {The British Thomson-Houston Co., Ltd.) 

The proximity meter electrode is mounted on the cross slide and advanced 
within about 0 005 in. of the work. The meter is set to zero, and the slide is then 
advanced 0 -Cj 1 in. and the^sensitivity adjustment operated until the meter gives 
a full scale deflection for the O-OtH in., enabling readings to be taken of any out 
of the roundness to U-00001 in. 

Electronic Tank Gauge 

Many electrical controlling instruments now incorporate an electronic 
switch which is operated by a vane on the instrument pointer. The vane acts 
as a coupling to two coils forming part of a valve system, a movement of 
0-001 in. of the vane altering the coupling sufficiently to stop or start the flow 
of electrons in the valve and so provide power for operating the main circuit. 

The variable-condenser principle forms the basis of the Simmonds electronic 
tank gauge which has a number of advantages over pressure- and float- 
operated gauges, especially when the tanks are of irregular shape, such as those 
fitted to aircraft. The condenser consists of two concentric Duralumin tubes 
attached to a suitable flange and fixed in the tank in a vertical position. For 
fixed tanks of regular slTipe one unit is sufficient, but for aircraft tanks it is 
necessary to use se^?5ral units connected in parallel to counteract the effects of 
changes in altitude of the aircraft. 

As the dielectric constant of petrol is twice that of air, the condenser passes 
twice as much current when the tank is full as when it is empty, and this is 
indicated on the two-coil ratiometer dial which is calibrated to suit the installa- 
tion. 

The wiring of a “Pacitor” electronic tank gauge is shown in Fig. 9. This 
circuit compares the capacity of the tank unit with that of the control condenser, 
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the manufact ure with- 
out fear of damage, 
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make contact. 
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of the electrode is 
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Fig. 8 illustrates an application of this instrument. To check lathe bearings 
with a proximity meter, a test piece is turned and left in position in the chuck. 



Fig. 10.— Supersonic flaw detector 
{English Steel Corporationy Ltd.) 
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Fig. 11.— The principle of the supersonic flaw detectc» 
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this method can be employed for detecting flaws in metals and for measuring 
the thickness of parts when only one side is accessible. 

The Hughes supersonic tester can deal with thicknesses from about i in. to 
30 ft., although some difficulty is experienced with the thinner specimens. It is, 
however, very convenient for making non-destructive tests on large bars, ingots, 
forgmgs, and welded parts. It is possible to explore the whole length of a turbine 
rotor or propeller shaft, and in steel works the cutting of the discard from 
billets can be done with far less waste than formerly. The method requires an 
experienced operator, and it may be necessary to compare the results given by 
the tester with somft sectioned test pieces, before it can be said with certainty 
which parts are bad and which are sufficiently sound. 

In Fig. 10 the tester is being used for examining a large steel forging during 
machining. The probes held by the operator are connected to a power unit (not 
shown in the illustration). The results are shown on the cathode-ray tube. 

Fig. 11 illustrates tlte principles of the supersonic flaw detector. Energy 
pulses produced by the power unit are converted by the quartz oscillator {A) 
into supersonic wavfes ^Ynch travel in the material until they meet a boundary, 
when they are reflected and picked up by the probe (B). The echoes are shown as 
pips on the cathode-ray trace, the distance of the pips from the transmission 
mark {A) being in proportion to the depth of the 

reflecting surface. 1 he fault (5) is shown by the flaw electron 

mark (B) or the trace and (Q is the bottom mark. j 


Photocells 

These are some of the most useful of the elec- 
tronic devices, and as they form the basis of film- 
sound reproduction, much time has been spent on 
their development. Their use in engineering has 
been retarded by the comparatively high price of 
the commercial photocell actuated relays and the 
lack of a{)preciation of their possibilities. 

The response of a phptocell to a change in 
light intensity takes about a hundred-millionth of 
a second, which is several million times as fast as a 
man can respond to a visual impulse, even if no 
allowance is made for the human fatigue factor. 
The standard photocell relay will operate up to 300 
times a minute, \mt for special work much faster 
speeds are possible. 

. A commercial phoJoswitch (Fig. 12) consists of 
the photocell, a valve amplifier, and a relay, the 
latter usually being of the electromagnetic type. 
The cell can be operated by changing from dark- 
ness to light or vice versa, or by varying the light 
intersity. 

B.w.r.iv— 2 
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If a light is shone on the cell from a lamp with projector lens, and this is 
interrupted by a solid body passing across it, the switch can be used for counting 
objects on conveyors, opening and shutting factory doors at the approach of 
trucks, operating safety devices whilst a person or hand is in the danger 
zone, or stopping feeds when a hopper is full. Sometimes, for instance, the liglit 
is masked whilst things are normal and unmasked if a strip of material should 
break. If the light is attached to a moving part, it can be used to operate the 
switch when the part reaches some predetermined position, as in the aligning 
of swing bridges where mephanical locks are unsatisfactory. 

Some photocells are particjilarly sensitive to red light, and can be employed 
for operating mechanisms dealing with red-hot sections in rolling mills. Some 
of the most interesting applications are those where the cell responds to light 
reflected from a surface. By this means it is possible to sort things by colour as 
fast as they can be handled by an automatic feeding mechanism. 

Photocell Tracing Head 

A recent development 
is its use for guiding a 
tracer so that it follow^ 
the outline of a drawing 
automatically. By con- 
necting the tracing head 
to a pantograph mech- 
anism, it is possible to 
cut out irregular shapes 
accurately and auto- * 
matically, or to operate 
an engraving machine. 

A tracing head (Fig. 
13) connected to the 
burner carries' a lamp, 
photocell, and tracing 
wheel. The wheel trav- 
erses the head over the 
drawing, being rotated 
continuously by one 
elbctric motor and steered 
by another. To prevent 
damage to the drawing 
the wheel does not rest 
on it directly, but on a 
transverse cylinder, which 
it rotates and which is 
Fig. 16.— Electron microscope geared to^ the supporting 

{Metropolitan Vickers Electrical Co., Ltd.) wheels. A pinpoint of 
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Fig. 17 — Gamma-ray radiography {Johnson Matthey & Co., Ltd.) 


light is projected on the drawing so that it is half on the black line and half on 
the white background, in which position the steering motor is stationary. If the 
spot deviates from this position the intensity of the light picked up by the photo- 
cell varie^ and this is arranged to operate the steering motor in the direction 
needed to bring the spot back. To prevent interference from the ordinary light- 
ing, the photocell is made to operate only from the special hght from 
the lamp. 

The Cathode-ray Oscillograph 

The cathode-ra> tijbe enables the engineer to explore the behaviour of 
moving machinery with a precision which would otherwise be impossible. 
Regularly recurring phenomena are depicted as a persistent curve which can 
be examined by eye, whilst transient shocks are photographed with a high- 
speed camera. By using one or other of these methods, almost any type of 
stress or strain can be measured or analysed. 

The cathode-ray tube is diagrammatically illustrated in Fig. 14. An electron 
beam is directed on to the fluorescent screen so that the path of the beam can be 
observed. Two pairs of plates or electro-magnets are arranged as shown which 
deflect the beam according to the electrical impulses they receive. The XX 
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plates deflect the beam horizontally, and are usually connected to a timing 
device which moves the beam from L to i? at an adjustable frequency. The 
return from jR to L is made instantaneously and cannot be seen. The timer can 
also be operated from an engine camshaft. The YY plates deflect the beam 
vertically, and are connected to a source of potential or current which varies 
with the quantity to be measured. When measuring a persistent phenoifienon 
such as vibration, engine cylinder pressure, etc., the same pattern is repeated 
regularly and can be seen by eye. Isolated impulses cannot be observed directly, 
and must be photographed with a high-speed camera. 

The cathode-ray tube also^makes a convenient dead-beat galvanometer for 
taking a number of readings on strain gauges, as no time is losf waiting for the 
instrument to come to rest. 

For pressure analysis, electrical pressure gauges, having either a carbon 
block whose resistance varies with pressure or a diapjiragm which changes the 
capacity of the condenser, are used. Vibration is also measured by the condenser 
effect, one plate of the condenser being fixed to a solid support and the other 
attached to the part under test. 

Strains are measured with a wire resistance strain gauge, consisting of a flat 
element which is glued to the surface of the part under test, any movement 
causing a change in the resistance of the wire. It is, of course, necessary to em- 
ploy the appropriate electrical circuits between the measuring devices and the 
oscillograph. 

The Electron Microscope 

The magnifying power of an optical microscope is limited by the wavelength 
of light, but by using electrons instead it is possible to obtain considerably* 
greater magnification with a present-day limit of 100,000 times. By this means, 
details of the structures of metals and alloys can be studied which would other- 
wise be impossible. The specimens themselves are extremely small and must be 
thin enough for the electrons to penetrate. If this is not possible, thep a replica 
of the surface has to be made in a transparent material. 

The specimens are first mounted on a collodion film, and this is supported 
on a ^-in. diameter grid made from 200-mesh copper gauze. The electrons are 
produced by a hot cathode gun and accelerated with 25-100 kV. The beam is 
focused on to the specimen by the condenser lens, and the image is enlarged 
by passing through successive magnifying lenses (Fi^. 15). For the highest 
magnifications an additional lens is used. The lenses are iron-shrouded solenoids 
which are focused by varying the excitation current. The linage falls on to a 
fluorescent screen, when it is visible to the eye, or on to a photographic plate. 

The electron microscope gives a great depth of focus, and very clear pictures 
are obtained which can be enlarged for greater magnification. Because electrons 
are absorbed by an atmosphere, the microscope must be completely evacuated 
before use, but vacuum pumps can do this in three minutes. 

In the electron microscope shown in Fig. 16, the microscope proper is 
mounted on a control' desk, so that the fluorescent screen is at a convenient height 
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for viewing through the eyepiece. The plate holder is immediately below. The 
power unit and vacuum pumps are separate. 

Radiography 

• The non-destructive testings of castings, weldings, etc., can be done by 
taking shadowgraphs with the aid of X-rays and gamma rays. The records are 
usually made on photographic film, and a lengthy exposure may be necessary 
because of the opacity of the subjects. Examination of«the radiographs by an 
experienced person makes it possible to detect flaws which would be detrimental 
in service. X-ray outfits are similar to those used for other work, but high powers 
are needed for thick parts. 

Tubes working at one million volts are employed for large forgings and are 
able to give a radiograph through 4| in. of steel in a few minutes. So large a 
power is unusual, and ^-ray tubes working on 300 kW. or less are more 
common. 

For small parts, radi«m-emitted gamma rays are often more convenient now 
that it is possible to hire radium from the Government Radio-chemical Centre 
at Amersham. 

The radium is supplied in special protective carriers, and the usual practice 
is to stand the parts in a circle with tne radium container at the centre (Fig. 
17), each part having a film carrier behind it. The radium is extracted from the 
container and replaced by an automatic lifter operated by a time switch, so 
making it unnecessary for anyone to come in contact with the gamma rays. 

J. R. F. 



INSTALLATION OF 

OIL AND PETROL ENGINES 

• 

T his description is intended to cover all engines of the high-compression, 
cold-starting, heavy-oil type, both mechanical and air injection. 

The tendency for most land installations, such as private generating 
stations, pumping sets, and direct mill or factory drive, is towards the adoption 
of the airless or mechanical fuel-injection type. This is primarily due to initial 
cost, greater mechanical simplicity and, therefore, increased reliability, and the 
ability to use a wider range of low-grade fuel oils. • 

The purpose of this article will, however, be served by assuming that the 
remarks apply equally for both types, since the general construction and methods 
of assembly will be the same. 

Verti(;al or Horizontal Engines? 

The horizontal class of engine is still very popular and generally employs 
the mechanical system of fuel injection. For layouts embodying a drive from 
engine to mill shaft, either direct or indirect, this class of engine is favoured, 
owing to the lower head room required and the slower engine speed which 
generally enables a satisfactory drive to be obtained. 

The vertical engine is eminently suitable for coupling direct on to electric 
generators, compressors, pumps, for which it has many special advantages. 

THE ENGINE-ROOM 

The buildings or engine-rooms for oil-engine installations will depend 
naturally on the size of plant being installed and the* amount of capital available 
for this item. Generally speaking, money spent on a substantial, dry, and clean 
engine-house will not be wasted, and will result in more efficient and economical 
running, and longer life from the engine. No hard-and-fast rule can be laid down 
on the mattet of buildings, for all considerations will obviously be governed by 
the degree of permanency required and the factors mentioned previously. 

Modifying an Existing Structure 

For waterworks and similar installations, stone and brick-built structures 
are usual, whereas in some cases it might be found desirable to use an existing 
building ,to house the plant. 

. In this case it may be necessary to modify or improve the old structure to 
suit its new purpose. For instance, buttresses may have to be added Ao carry 
crane supports, windows may have to be increased or enlarged if the house is 

34 
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Fig. 1.— Spkc'ial anti-vibration engine bed 


poorly ventilated or lighted, and doors and roof may have to be improved to 
exclude dust and damp. A good floor may also have to be laid which should be 
free from anything that is likely to make dust or grit in the course of time. 

Heating the Building 

Large 43lants, and those including electrical gear, which are in particularly 
cold or damp situations, or which are likely to be shut down for any length of 
time, may require heating al'rangements to maintain a reasonable temperature 
and to keep the place dry These usually take the form of a hot-water boiler 
and circulating pipes or radiators, and the boiler is, as a rule, either coal, coke, 
or oil fired. If the latter, it may, if necessary, be placed in the engine-room, but 
if coal or coke fired, it almost imperative that the boiler shall be in a separate 
compartment on amount of the dust and dirt entailed. 

A Satisfactory Building 

From the foregoing it might seem that elaborate engine-houses are essential 
for oil-engine plant, and although a good building is desirable and should be 
provided where possible, it must be mentioned that extremely good results 
have been and are being obtained from engines with a very meagre covering. 
A cheap and quite satisfactory building for average use consists of a steel-frame 
skeleton with galvanised corrugated-iron covering. 
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If Gnancial considerations will allow, it is an advantage to line the inside 
with asbestos sheeting or with suitable light boarding, as this will assist in 
preventing extreme cold and the ingress of damp and moisture during bad 
weather. 

Arranging for Lifting Tackle 

The four main stanchions of the building can be arranged to carry the crane 
rails. If there is only one engine, however, and parts to be lifted do not exceed, 
say, 15 cwt., it is often a simple matter to support a girdei along the centre of 
the room and arrange lifting tackle from this. Overhauling is sometimes 
provided for in this way when the plant comprises more than one engine, but 
in these cases it is not much more expensive to fit a crane of the hand-travelling 
type, which will be generally more satisfactory in use. If tackle is rigged from 
a single girder, two men are usually required for the*removal of pistons, etc., 
whereas a crane can be operated with ease by one mechanic. This point is 
worthy of consideration when deciding on the initial outlay of such an accessory. 

Consult the Engine-maker 

Reputable firms are always pleased to give their views as to the best type of 
building for any particular installation in hand, and will usually supply drawings 
showing the best layout to adopt, and advise generally on the problems of any 
individual installation. It may be found that the locdl builder or architect sees 
fit to alter the engine-maker’s arrangement drawing, and if this is the case, these 
modifications should be communicated to the engine-maker so that piping, 
etc., can be modified accordingly where necessary. The internal dimensions of 
the engine-room, i.e. length, breadth, and head room, should, however, be 
adhered to, also the position of doors and windows, which are of similar 
importance. 


LAYING THE FOUNDATIONS 

The foundations for the plant should be put in carefully to the maker’s 
special foundation drawing. 

If the person installing the engine has not previous kno\^ledge of local 
conditions affecting foundations, it is as well either to get advice on this point, 
or else to make the engine-builders fully responsible for the adequacy of the 
foundations-shown on their drawings. • 

The work of laying the foundations is usually easier if the building is first 
completed. 

Installing Overhead Tanks 

Before the builder removes his scaffolding, his services should be enlisted 
to place in position any overhead water or fuel tanks. It may be found an 
advantage to have these fixed before the roof is finished, and this work should 
then form part of the builder’s contract, and delivery of the tanks arranged 
accordingly. 
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Fio. 2 . — Exhaust system with secondary silencer 

Concrcle Work to do at* the Same Time 

In proceeding v'ith the work of excavating the foundations, it should be 
remembered that concrete supports for fuel and water tanks, exhaust pits, and 
pipe trenches should be made at the same time. It may be that the men doing 
this part of the work have had previous experience of such work, but in any 
case the makers’ notes and instructions, contained either in book form or on 
the drawings, should be followed carefully. These notes contain the knowledge 
of long experience, and if ignored an unnecessary waste of time and expense 
may easilj^ result. 

Excavating the Ground 

The ground should be taken out as indicated in the drawings, and the sides 
of the excavation timbered if necessary in soft ground. If the subsoil is not 
solid at the depth indicated on the drawing for the foundation in question, the 
depth must be increased until a good firm bottom is obtained. In the case of 
water being encountered, pumping and close boarding may have to be resorted to. 

Making and Placing Wood Boxes for Concrete 

Make an open box representing the engine bed or pedestal. Check the 
centre lines to the drawing. Now fix the box or template in the correct position 
relative to the building or other machinery. This can be done by nailing it to 
two long planks resting on pegs or on the ground. The underneath side of these 
pieces of wood should represent the top of the foundation proper. 

E.W t iv — 2* 
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If the engine is to be direct-coupled to a pump or electric generator, the 
foundations for the complete set should be cast in one piece. In any case, the 
outer bearing pedestal and such projections as the air-compressor or water- 
pump blocks must be cast at the same time as the rest. The boxe^ for these 
pedestals are also supported at floor-level in the same way as the engine bed. 

Providing for Bolt Holes in Concrete 

Holes in the concrete for foundation bolts should extend belbw the bottom 
of the bolts. The boxes for these holes should be made of about i-in. wood 
lightly nailed together, so as to be easily collapsible after the concrete has set. 
Wooden blocks must on no account be used. It is a *good plan to ‘move the 
boxes slightly before the concrete has thoroughly set so ks to give a small 
clearance. 

Check the Position of Boxes before Concreting 

Before commencing the actual concreting work, the positions of the various 
boxes should be carefully checked to the drawing and existing plant, and care 
should be taken to see that there is available sufficient material to complete the 
work in one continuous operation. 
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Mixing the Concrete 

The concrete may now be mixed, and should consist of roughly four parts 
of good clean ballast or equal, not larger than 1 J in., two parts of sharp sand, 
and one part of best Portland cement. Quick-setting cement may be used if 
desired, but should be placed in position with as little delay as possible. 

Filling in the Concrete 

The whole of the concrete should be filled in carefiWly. Take care to see that 
the boxes are not iiisturbed and that the work proceeds continuously, so that 
one solid homogeneous block of concrete is /brmed. The top surface should 
be left rough about | in. below finished level for grouting up. Concreting should 
not be done in frosty weather. 

Providing Clearances ig Concrete 

The foundations should be about 3 in. clear of wall footings. Flywheel 
races, clearances for palleys, etc., and the recesses under the engine bed can be 
formed by light boxes placed in position as the foundation work proceeds. 

Drainage for the flywheel race and the pipe trenches can be provided by 
earthenware pipes fixed in the concrete. 

Kerbing for the trench covers should be grouted in and care taken to see 
that the top is flush with the finished floor-level. 

ERECTION OF ENGINES 

When the foundation work has been finished and all bricks, dust, and dirt, 
etc., such as are usually connected with a building job, have been removed and 
the concrete has had a few days to harden, erection may commence. 

Keeping Engine Clean during Erection 

At this stage it will, perhaps, be as well to give a few words on the subject 
of cleanliness. It is most important that any oil engine, or for that matter an 
engine of any sort, should be kept scrupulously clean whilst it is being erected, 
and care should be taken' that no bearings or wearing parts go together with 
foreign matter between them. Given a clean engine, clean fuel oil, clean 
lubricating o*l, and clean cooling water, sterling service can be expected from 
an oil engine, whereas dirt accumulated during erection may take years off the 
ultimate life of the engine. 

Conveying Parts \o the Site 

It is usual for one door of the engine-house to be made sufficiently wide to 
allow for the machinery in its various parts to be either carried or rollbd in. 
Where an extra wide doorway is provided, it may be possible to run the lorry 
close up to the foundation and slide such a part as the bedplate direct on to its 
base, thus saving a good deal of time. In some cases it may be advisable to 
leave part of the wall adjoining the doorway unfinished, so as to allow the lorry 
or trailer to enter. 
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Lowering Bedplate on to Foundation 

If the lorry should happen to be higher than the foundation, timbers should 
be packed on the latter until the respective levels are the same, and the part can 
then be rolled on to the wood packing and gradually lowered by removing the 
packing piece by piece. Before the final packing is removed and the bed finally 
dropped on to the concrete, the wires which are fastened to the foundatidn or 
holding-down bolts should be drawn through the bolt holes in the bedplate. 

Placing Bolts in Position 

When all packing has been, removed, the bolts may be drawn up through 
the bolt holes by means of the wires, and the nuts screwed on until about one 
thread short of a full nut. In this way, when the nuts are finally drawn down 
tight, the bolts will not project through the nuts. 

Checking Position of Engine • 

The distance from the centre line of the crankshaft to the finished floor- 
level is now checked with the drawing, and the bedpftite raised by means of 
steel wedges until this dimension is correct. At the same time dimensions from 
the centre line of the crankshaft to the wall, and from No. 1 cylinder to the 
wall, should be checked, likewise leading dimensions relative to other plant or 
machinery, and the position of the bedplate altered as may be necessary. 

Belt or Chain-drive Alignment 

Where the engine has a belt or chain drive to existing machinery, the 
crankshaft should be placed in its bearings with pulley, etc., fitted and a line 
taken to ensure that the belt will run true on both pulleys. 

Checking Direct-coupling Alignment 

For checking alignment relative to existing plant to which the engine is to 
be direct-coupled, the respective half-couplings should be fitted and the faces 
brought to coincide. Feeler gauges will show whether alignment is correct. 

Connecting Shafts by Flexible Coupling 

Fig. 4 shows a metfiod of connecting two shafts together by means of a 
flexible coupling, and on most types of coupling there are mhchined faces 
intended for use by the erector, which greatly facilitate the work of lining up. 
There is a tendency for erectors to be somewhat careless over this operation 
and to rely on the flexibility of the coupling itself to prevent trouble. Whilst 
most good flexible couplings will compensate for any reasonable errors in 
alignment, the shafts should be set in line as shown, and should be adjusted in 
line as far as practicable, in order to avoid undue wear of the belt and possible 
bearing troubles. 

The actual procedure to be followed in lining up a flexible coupling will 
vary with different types and makes, but the question of correct alignment will 
always be important, and a method of checking can easily be devise4 to suit 
the particular make of coupling in question. 
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Fig. 4.— Method of lining up flexible coupling {Ruston & Hornsby, Ltd.) 


Grouting Bolts into Foundation Block 

Flat steel packing pieces of varying thickness and of a length and width to 
suit the particular .^ize of engine should be provided by the makers and a set 
put next*to each holding-do\Mi bolt. The steel levelUng wedges are then removed, 
and the bolts are tlien gropted into the foundation block to within, say, 6 in. of 
the top. The grout should consist of equal parts of sharp sand and Portland 
cement, mix< 4 U with watei so that it flows freely. 

Erection of Tknks 

Whilst the grout fk hardening— and quick-setting cement will hasten this 
process— the ereddon of tanks and other accessories can proceed. There should 
be several days’ work coupling up piping, etc., but the final position of the 
water-cooling tanks cr fuel and oil tanks is best left until the pipes are com- 
pletely finished. This will avoid any difficulties in mating flanges. 

Next Step — Making Bedplate Level 

As soon as the foundation bolts are fast, work on the engine must proceed, 
ana other work must be left until the engine is properly grouted in. All the nuts 
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Fig. 5. — Correct order for tightening holding-down bolts. {Top) four-cylinder 

VERTICAL ENGINE. {Bottom) SINGLE-CYLINDER HORIZONTAL ENGINE 

Bedplate nuts should all be tightened equally from corner to comer and across as shown 
This method avoids springing, and assists in lining up bearings correctly. 

can now be tightened and a spirit level used in conjunction with a straightedge 
both longitudinally and across the bedplate. 

Lining Up the Crankshaft 

When the face of the bed has been made level by adjustment of the packing 
pieces at the various holding-down bolts, the crankshaft should be placed in 
position in the bearings, care being taken to see that all parts are thoroughly 
clean and that there is no dust or grit between the bearing shells ^d their 
housings. Particular attention should be given to the levelling-up process. If 
the makers are not erecting the complete installation* or part of it, their services 
should at least be obtained if at all possible to check over the alignment of the 
crankshaft and bearings. 

Method of Tightening Bedplate Nuts 

The bedplate nuts should all be tightened equally, tJiat is, from corner to 
corner and across, as shown in Fig. 5. This is important on a multi-cylinder 
engine bed in order to avoid springing and to assist in lining up bearings 
correctly. 

Testing for Loose Crank-journal Bearings 

It is as well to go over the crank journals with a spirit level and to try 
tapping the bottom halves of the bearings to find the loose ones which ^are not 
taking their share, of the weight of the crankshaft. The bearing shells should 
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have been bedded into their 
respective housings at the 
works and each numbered, 
and care should therefore be 
taken to see that the bearings 
have not become misplaced 
from their correct positions. 

Crankshaft 

With the top halves of 
the bearings tightened down 
evenly, the crankshaft, when 
lined upj should turn easily by 
hand. • 

If stiff, each top half should be inspected and scraped, if necessary, until 
free, and to give a running clearance as recommended by the makers, and 
determined by feeler gauges. 

The bottom halves of the bearings should not be bedded to the crankshaft 
until the bedplate proper has been Ic /elled. The makers will have previously 
run the engine on test and very little work should be required in this respect. 

PLACING FLYWHEEL ON SHAFT 
A Useful Tool tor Erection and Maintenance 

An easily made tool which is useful both in the erection and in the sub- 
sequent maintenance of the engine consists of a flat steel bar which can be 
secured to the crank web by two setscrews. This tool can also be used for 
removing and replacing the crankshaft bearings as described below. It is a good 
plan to have a fitmc nt of this sort provided by the engine-makers. 

e 

Removing a Bottom Half-bearing 

Should it be necessary *to remove a bottom half-bearing at any time, the 
flat steel bar should be fitted, and the crankshaft turned slowly with the tool 
in position, thus bringing the half-bearing to the top, whence it is easily remov- 
able for attention. This saves lifting the crankshaft and obviates the possibility 
of damage to cranksh^t or bearing. Care must, however, be taken to see that 
the width of the bar is less than that of the bearing section, so that the shaft 
may be turned without jamming. 

The flywheel should next be lowered into the flywheel race of the foundation 
and supported on timber packings whilst the extension shaft is brought close 
up and the bolts fitted. 

Fitting Wheel to Crankshaft Coupling Face 

When the wheel is being fitted to the crankshaft coupling face, care should 
be taken to prevent straining of the shaft by overhanging the weight of the 



(a) CRANK AT T.D.C. WEBS OPEN OUT 


i J L 

(b) CRAN^ AT B.D.C. WEBS CLOSE IN 

FlO. 6 .— Cp ANKSHAFT WITH EXAGGERATED ALIGNMENT 
FAULT 

Showing “breathing” of webs adjacent to a high 
bearing. 
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wheel. The extension shaft should be supported by the outer bearing as soon 
as possible, so that the packing under the wheel can be removed. The same 
procedure applies if there is a dynamo shaft bolting up to the flywheel face, 
and in each case there should be shims, or liners, fitted to a total thickness of 
.iV-i in. between the outboard bearing and its soleplate, in case future adjust- 
ments should be required. 

Fitting Keyed-on Flywheel 

If the flywheel is in halves or otherwise keyed on the crankshaft, extending 
in one piece to the outer bearing, then the latter can be fitted in position and 
its foundation bolts grouted in as soon as the bedplate and bearings are lined 
up. Generally, the quickest way of doing this is to place the soleplate on the 
concrete pedestal, and to hang the bearing on the crankshaft. The soleplate is 
then packed up to the bearing, with packing pieces similar to those used under 
the engine bed, until the bearing is properly supporting the shaft ; the shims 
will, of course, have been fitted between the bearing &nd the soleplate before 
placing in position. 

The holding-down bolts can then be grouted in, in a similar manner to those 
for the main bedplate. 

After allowing sufficient time to set, the nuts may be tightened down and 
the crankshaft alignment checked and corrected if necessary. The flywheel 
should then be fitted, and if this is in one piece, it will be necessary to remove 
the crankshaft from the bedplate. This usually has to be done with the horizontal 
type of engine. 

Checking Alignment of Complete Crankshaft 

Checking the alignment of the complete crankshaft is now necessary, and 
for this purpose a stick gauge is inserted between the crank webs, and on 
rotating the shaft it is noted whether the webs open or close. A telescopic gauge 
can easily be made if not supplied with the engine, and will, in any case, be 
extremely useful for periodically checking over the crankshaft alignment. 

Fig. 6 shows a line drawing of a multi-cylinder engine crankshaft, with 
exaggerated alignment fault. It can be seen from this that the crajik webs of the 
throw, adjacent to a high bearing, will close when the throw in question 
approaches the bottom position. 

I 

Rectifying Non-alignment 

The cylinder nearest the flywheel should be the first to have attention, and 
when the crank is on top dead centre, the gauge should be placed between the 
webs in the plane of the centre line of the crankshaft and adjusted to fit. The 
shaft is then given half a turn and the jauge tried between the webs. If slack, 
then the outer bearing is low, and it must be packed up slightly. If the gauge 
will not enter, then the packing of the bearing should be adjusted until the 
gauge is an exact fit in top and bottom positions. The horizontal alignment of 
the outer bearing should be checked in two positions, with the crank midway 
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between U p and bottom centres, and the bearing moved sideways until no 
breathing of the webs takes pi ice. 

On multi-cylinder engines the cranks should all be dealt with in turn and, 
when apparently correct, the whole shaft should be checked over to make 
certain that the adjustment lo one throw has not interfered with that for the 
other cylinders. 

Using Micrometer Dial Gauge 

A spfing-loaded gauge can be obtained which incorporates a micrometer 
clock. This gauge should be left between the webs and the plus or minus 
readings taken as the shaft is revolved. This type of instrument is sensitive and 
is easily used, and it is invaluable for showing at a glance the condition of the 
main bearings. The micrometer can also be adapted for measuring the clearances 
of the connecting-rod large- and small-end bearings. 

The method of applying the dial gauge is shown in Fig. 7, which illustrates 
the method of tesjjng clearances of both large- and small-end bearings. 

Testing Shaft with Spirit Level 

The crankshaft can also be tested for alignment with a sensitive spirit level, 
but it must be borne in mind that a slight allowance will have to be made for a 
deflection due to the weight of the flywheel. The level will read downwards 
towards the wheel both from the engine bearing and the outer bearing, the 
amount varying somewhat according to the distance of the centre of gravity of 
the wheel from the respective bearings. 
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Grouting in the Bed 

The bed can now be grouted in, and the space left when grouting the bolts 
will serve to form a key. A Wall of clay or wood of uniform height should be 
placed around the bed to retain the grout, and this should form the finished 
level of the grouting. The grout must be stirred well underneath with a flat rod, 
and in the case of large engines the main grouting should extend over two or 
three days to give time for settling. 

The outer bearing is similarly grouted in, but not until the grout in the bolt 
holes has finished settling. The finished level of the grout should be above the 
bottom of the bedplate and soleplate, thus helping to make a good solid job. 

Fitting Large>end Bearings to Crankshaft 

The erection of accessories can now proceed once more. When the grout 
has sufficiently hardened to permit further work on the ejigine, the large-end 
bearings can be fitted to the crankshaft, after first making sure that all parts 
are absolutely clean and that no foreign matter is contained in the oil holes of 
the crankshaft, etc. The crank journals should be well oiled and the oil wiped 
round by hand before the bearing halves are bolted together. The compression 
plates should have been stamped for each cylinder at the makers’ works, and 
these should now be checked over and placed in position. 

Fitting Connecting Rod 

The housing and gear can now be assembled, and, in the case of a horizontal 
engine, the piston and connecting rod. To fit the latter, the rod is fitted to the 
piston and then slung as near to the skirt of the piston as possible and the 
piston pushed into the cylinder liner by means of the large end of the connecting 
rod. It will be necessary to adjust the height of the piston very carefully to 
permit entry to the cylinder skirt. 

Arrangement of Piston Rings r 

All the rings should be well oiled and the gaps arranged so that they do not 
come in line, for this would cause loss of compression. The liner should be well 
oiled and oil wiped round’ the piston before assembhng. When clqsing the rings 
so that they enter the liner, care should be taken that the edges are not damaged, 
which would cause scoring of the piston or liner. 

« 

Take Care to prevent breaking Skirt of Piston ^ 

Before lifting the pistons of vertical or horizontal engines, a block of wood 
should be wedged between the under side of the connecting rod and the piston 
skirt. If this is not done, the piston may fall back with the gudgeon pin as fulcrum 
and thus break the skirt. In the case of vertical engines the packing is taken out 
as soon as the piston is in the vertical plane. 

With horizontal engines the packing is kept in position until ready to 
connect up to the large-end bearing. A piece of wood should be placed under 
the. rod and rested on each side of the engine bedplate to take die weight of 
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the rod. A length of pipe may be used for this, but there is a danger of it slipping 
forward towards the main bearings. 

The back half of the large-end bearing is next mated up to the connecting 
rod and the bolts pushed through until the bearing half is held in position. 
The crankshaft is now turned so that the large-end journal is close up to the 
large-end bearing, the packing under the rod being adjusted so that the bearing 
half is in the path of the journal. The crankshaft can then be turned steadily 
until the journal touches the bearing, and the front half of this can be bolted 
up and tightened. This procedure is reversed for removing pistons or large-end 
bearings, and it is soon learned and quickly executed. . 

The same operation for a vertical engine is usually assisted by an eye bolt 
screwed into the piston crown, the cylinder head being, of course, removed, so 
that the piston and rod can be lowered into position from the top. For 
maintenance work it is generally possible to hold the piston in place by means 
of a bolt through the cylinder head whilst the large-end bearing is being 
removed. 

To remove the piston and rod, the cylinder head is taken off and a bolt 
fastened in the piston, the large-end bearing is then disconnected and the 
piston and rod lifted out. 

Care must be taken to see that the crankshaft is not turned whilst any bolts 
are fastened to the pistons, and it will also be necessary to see that the fronts 
of all rods are pointing \o the front of the engine, for when the large-end 
connecting-rod bearings are bedded to the crankshaft journals they have to 
be lined up to the pistons, and to the small-end bearings, and this alignment 
may be lost if the bearings arc reversed. 

Erection of Valve Gear 

The erection of the valve gear and camshaft, etc., can now proceed, and all 
brackets should have locating pegs, or else fitted studs or bolts to ensure correct 
alignment! Gearwheels which mesh will have the teeth stamped so that they 
can be meshed in the correct positions, and no mistake must be made here, 
otherwise the cam settings will be upset accordingly. 

It cannot lx. emphasised too much that absolute cleanliness is essential in 
all stages of erecting and fitting major and minor parts. If the engine-house is 
not quite completed, all windows, doors, and openings likely to allow the 
ingress of dust and dirt^hould be blocked up with tarpaulins and sheets. 


PIPEWORK AND TANK INSTALLATION 
Pipework can now be permanently coupled up, screwed oil and water joints 
being made tight with hemp and a good jointing compound. 

CLEANiNG.—Pipes, other than oil pipes, should all be blown out with 
compressed air, if available, and during the erection of the engine they should 
have their ends protected from dirt and damage. Oil pipes should be cleaned 
out with paraffin before fitting. 
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Bending. — P ipes generally should be bent correctly before connecting up, 
in order to avoid strains on joints and flanges, when the engine is running. 

All pipes liable to expansion must be free to move. 

Packing Exhaust Pipes.— The exhaust pipes should be from 12 in. to 18 in. 
from any woodwork where they pass through the wall. It is advisable to pack 
the exhaust pipe in the wall with asbestos. To make a good job of this, bricks 
should be cut away to make a hole about 3 in. larger than the outside diameter 
of the pipe. Asbestos rope is then wrapped round the pipe to a thickness of 
about 1 in. and the remaining space grouted up with cement. This will permit 
expansion of the pipe, but the weight of the exhaust pipe and that of the 
exhaust manifold should be taken by means of roller supports. 

Joining Vertical Pipes. — Very special precautions are necessary with the 
joints of vertical pipes, since these are liable to transmit vibration. Makers’ 
drawings and instructions should be rigidly adher&d to in such cases; for 
instance, in the case of a vertical pipe connecting on to the flat bottom of an 
overhead water tank, or any pipe requiring a water joinV where it passes through 
a roof. 

Wherever possible, pipes should be carried outside the engine-room in a 
horizontal plane and should be amply supported. 

Drain Taps. — Drain taps should be fitted at the lowest points of all water 
pipes and provision made for emptying the pipe trenches of oil or water, as 
previously mentioned, whilst dealing with foundatiofis. 

Lagging Oil Line.— If there should be a length of fuel-oil line from the 
storage tank above the ground and exposed to frost, it is a good plan to lag 
this with straw or other suitable material. 

Except when the fuel storage is overhead, it is advisable to install a semi- 
rotary or other suitable type of pump to assist the flow of viscous oil and to 
remove air locks from the system. 

Fuel-oil Tank t 

A usual position for the fuel-oil tank is immediately outside the engine- 
room, supported by brick or concrete piers, the bottom of the tank being about 
1 ft. 6 in. to 2 ft. 6 in. aibove ground-level. ^ 

Oil-level Indicator. — An oil-level indicator should be fitted inside the 
engine-room, and whilst this can be arranged for almost any position of the 
tank, it is as well to keep the arrangement of pulleyr and gear as, simple as 
possible. ♦ 

Underground Tanks.— To economise in space above ground, the tank or 
tanks can be buried underground, or else arranged in a pit with a suitably 
designed cover, fitted with a manhole so that a filling pipe from the wagon to 
the tank can be easily connected. Drainage of the pit should be provided for, 
likewise accessibility to pipe connections. The tanks should be well painted, 
and if to be buried and not enclosed in a pit they should be painted with special 
bitumastic paint. A fuel pump will be necessary in either of these ca^es. 

Fuel Tank^'in Roof.— T he fuel tank can be arranged in the roof of the 
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building, if this is suitably designed and sufficient space is available, but this is, 
as a rule, found more expensive than an outside tank. If, however, an overhead 
storage tank is decided on, then care should be taken that it is not so high 
that the fuel suppliers’ wagons cannot pump to it. 

Watcr-cooling Tanks— Test for Leakage before Installation 

When several water tanks are supplied, as for the thermo-syphon system of 
cooling, each tank should be tested for possible leakage at the seams owing to 
damage received diying transit. If each tank is tested separately, this saves loss 
of time and the trouble involved in disconnecting gear to rectify faults after- 
wards. 

Piping Water from Pond or Sump to Jackets 

With some systems gf water cooling a pump draws water from a pond or 
sump and delivers it to the jackets. In these cases the suction pipe should have 
a gradual rise to the pump, otherwise airlocks may result if the pipe slopes 
towards the pump in any part of its length. 

Piping to Cooler 

If pumping hot water for delivery into a cooler, the length of suction pipe 
and the lumber of bends in it should be kept to a minimum, so that the total 
suction head, including fliction, does not amount to more than about 10 ft. 
for a water temperature of, say, 150'' F. Ten feet is not the maximum suction 
head allowable, but if exceeded it is possible that trouble may be experienced 
due to air bubbles, etc. ; furthermore, the pump efficiency will be greater if the 
the ouction head is kept low. 

A foot valve and strainer of approved type should be inserted at the end of 
the suction pipe. 

Installing •Fuel-service Tank 

The fuel-service tank ip the engine-room should not be lower than the 
dimension given on the maker's di awing, whilst a little extra height will not 
do any harm. Cocks and valves in the various pipes should be easily accessible. 

Water Drain from Compressed-air Receiver 

There should be a 'water drain in the compressed-air receiver, which is 
usuall> included irf oil-engine installations for starting purposes. If not possible 
or convenient for this drain to be taken from the bottom of the vessel, then a 
simple arrangement L .sometimes obtained by fitting the drain valve or cock at 
the top of the receiver and leading an internal pipe from this almost to the 
bottom of the vessel. In this way, when the valve is opened, any accumulation 
of water is forced out by the air pressure, and when such a valve is used a bent 
pipe should also be fitted to deflect the stream of water and air downwards, 
thus avoiding the possibility of this being sprayed about the engine-room. 
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Position of Air Receiver 

The air receiver should be placed as near to the compressor as possible, at 
the same time in a convenient position for the attendant and close to the engine, 
with a valve easily accessible for starting-up purposes. 

Fuel-oil pipes should, where possible, be run in the same trenches as the 
exhaust pipes and close to them, thus assisting the flow of oil. 

STARTING THE ENGINE 

When all erection of pipework, etc., is complete, th^i various tanks and 
pipelines may be filled. 

Care should be taken to see that fuel-oil and lubricating-oil tanks are 
thoroughly clean and dry before any oil is put into them. 

Before opening up on any of the lines connected direct to the engine, an 
inspection should be made to see that all connections ^lave been made correctly 
and that everything is clear away from the engine and that there are no packings, 
etc., left behind. These elementary precautions may jsem futile, but they are 
well worth while for the sake of the short time that they take. 

Lubrication. — A final precaution is necessary before attempting to start 
the engine, and this is to see that all lubrication services are thoroughly primed 
and that they are clear and the oil is actually reaching the place intended. It is 
not merely sufficient to see that the sight-feed lubricators are working; the 
point to verify is that the oil is going where it is wanted. 

Foundation. — Provided that the foundation is sufficiently well set, and in 
the majority of cases this will be so, the engine is now ready for starting. It 
should be borne in mind that the foundation should be about four weeks old 
if made with Portland cement, although this will depend a little on the quality 
of cement used and the size of the foundation. Obviously, if rapid-setting 
cement is used, this will reduce the time required. 

Ready to Start. — The engine may now be started, as directed by the makers 
in their instructions. These should be very carefully followed and ,ffie engine 
should get away without any trouble. 

The First Run. — This first test should be made without any load on the 
engine, and it should not last for more than a few minutes at the most. At the 
end of this time the engine should be stopped and all bearings felt for signs of 
undue warmth, and an inspection made to see that they are getting adequate 
lubrication*. , 

The Second Run.— N ext run for, say, ten minutes, and again inspect. 

Rmming the Engine Under Load 

If satisfactory, the engine may then be run up on load, commencing with a 
short run of about a quarter of an hour on quarter-load and subsequently 
increasing this to half-load if satisfactory. After running for about half an 
hour on half-load, if the engine seems to be going well and no symptoms of 
trouble have appeared, such as hot bearings, the load may be increased to 
full load and a run of, say, two hours’ duration carried out. Several hours 
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F JG. 8.' A TVPK AL SOI.ID-INJECTION DjLSEI, ENGINE 
Showing various controls required for starting up. (R. /i. Lister & Co,, Ltd.) 


Slot Valve Holder 



Overload 

Pawl 


Fig. 9.— Fuel pump, overload pawl, and governor handle (R. A. Lister & Co., Ltd.) 
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should be completed 
on load before any 
fuel-consumption 
tests or endurance 
tests are attempted. 

With a multi- 
cylindered engine, 
tuning up and the 
distribution of load 
between the cylin- 
ders can be achieved 
with the aid of an 
indicator, but the 
same results can 
usually be obtained 
by a trained man 
using his physical 
senses alone. 

Distribution of 
Load between Cyl- 
iNDERS.—lf the ex- 
haust branch from 
one cylinder is cooler 
than the others, this cylinder is not taking its fair share of the load. This also 
applies to the cooling-water outlets. 

Smoke from Cylinders. — The smoke from the cylinders is also a valuable 
indication of what is going on inside the engine, and the test cocks or plugs, 
usually provided on the exhaust manifold, enable the exhaust conditions to be 
observed. The loudest exhaust usually indicates the heaviest load, and is most 
often accompanied by heavier smoke. Dark-coloured smoke usually indicates 
overloading, whereas light-coloured smoke indicates underloading. 

Over-lubrication. — A pale-blue smoke may indicate underloading, but it 
is also an index of lubri9ating oil in the cylinder over and above that normally 
necessary. It may be that the piston is being over-lubricated, or else that the 
scraper ring is not doing its work properly. 

Smell of Exhaust Smoke. — A different smell attends the various 
loads. 

Blowing Past the Piston and its Causes.— Light loading may be coin- 
cident with crankcase pressure, when a blowing past the piston will be noticed. 
This may be due to badly fitting piston rings or rings stuck in their grooves, 
neither of which is likely to be the case in a new engine. If a local blowing is 
noticed^ this may be caused by the rings working round so that the gaps are all 
in line. On some types and sizes of engines where this trouble has occurred, the 
makers peg the rings with the gaps staggered, thus permanently overcoming 
this trouble. If the pistons have been put in as instructed it is unlikely that the 



Fig. 10. — Fufx tank 

Showing drain tap and sloping bottom, with level indicator and 
float. (R. A. Lister & Co., Ltd.) 
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gaps are in line, and it is more likely that there 
is a slight distortion, which may disappear 
when the working parts bed down together. 

How to get an Accurately Tuned Engine 

A clear exhaust should be the aim of the 
engine attendant. To assist in this the fuel 
injectors should be made interchangeable 
and the springs ancj. needle valves should be 
identical, whilst on some inakes the lift, or 
spring pressure, can be adjusted to corre- 
spond with that of dther cylinders. 

Fuel-oil pipes from fuel pumps or 
distributors should all b^^ of the same length, 
and for a neat arrangement of these pipes 
coils can be made of tfee surplus length of 
those nearest the pump. 



Fig. 11. — Change-ovkr VALVE 


Valve clearances must be unifoim and to the makers’ recommendation. 


Air filters must be clean to prevent obstruction to the air charge upon the 
opening of the inlet valves. 


Checking Fuel Consumption 

Finally, the fuel consumption should be checked, and this is the ultimate 
proof of an accurately tuned engine. The fuel consumption guaranteed by the 
makers should at least be obtained, for these figures are mostly covered by a 
margin. 

Causes of Heavy Fuel Consumption 

If the consumption is heavy, then the cam settings should be checked over, 
the goverhor inspected for steadiness, ard the atomisers or fuel injectors tested 
for a correct spray without.“dribble.” 

Dirty Exhaust 

A dirty exhaust may be caused by a fuel injector not working properly, late 
timing of the fuel injection, or by a choked air filter. 

The needle valves tff the injectors or atomisers should be an easy running 
fit in their sleeves*br in the body, and should seat correctly. 


STARTING trP A TYPICAL SOLID-INJECTION DIESEL ENGINE 
The following notes on starting up and stopping a solid-injection Diesel 
engine apply to a typical hand-controlled engine of this type. The engine, as 
illustrated in Fig. 8, is fitted with a compression change-over valve, which 
ensures a very high compression for starting, thus giving greater heat of com- 
pression for the ignition of the fuel. 
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Preparing to Start 

Before actually starting the engine, the following procedure should be 
adopted*. 

(1) Open the oil filler K (Fig, 8) and pour in lubricating oil of the correct 
quality, until the level in the sump reaches the mark on the dipstick C. ^lose 
the oil filler after filling. 

(2) Fill the water-cooling system with water, avoiding “ hard ” water 
whenever possible. 

In the case of tank cooling, open the three-way tap in the bottom water- 
tank connection so that water can flow freely from the tank into the cylinder 
jacket. The water should be kept above the top connection in the tank. 

(3) Now fill the fuel tank, using a fine gauze strainer. 

The fuel tank should be fitted so that the bottom of the tank is approxi- 
mately li ft. above the fuel pump. To collect the sludge, etc., deposited by the 
fuel, a good method is for the fuel tank to be fitted with a sloping bottom leading 
to a drain tap, which should be used to flush out the slhdge from time to time, 
as found necessary. To prevent sludge from entering the fuel pipe, the fuel 
outlet connection should be placed at least 2 in. above the bottom of the fuel 
tank and the drain tap at the lowest point. 

(4) After filling the fuel tank, turn on the fuel tap on the tank. 

Priming the Fuel System 

(5) Next prime the fuel system. To do this, prime the filter by unscrewing 
the vent screw on top of the filter with a spanner until the oil flows freely 
through. Then retighten the screw. 

As it is highly important that all air should be removed from the fuel pump 
and fuel valve, in order to prime the fuel system, disconnect the fuel-injection 
pipe from the delivery valveholder on the fuel pump by unscrewing the union. 
It is necessary to see that the governor lever handle is in the “ Stop ” position. 

Then remove the delivery valveholder and spring, and with the fingers 
slightly raise the delivery valve from its seating; as soon as this is done fuel 
should appear. The delivery valve should be held off its seat until all air bubbles 
are out of the system and until a solid column of fuel oil appears^. Then replace 
the delivery valveholder and spring and tighten down the holder carefully and 
not too vigorously, so that the body of the fuel pump is not distorted. 

The fuel-injection pipe should now be connected again to the fi^el pump, 
but in order to see that no air is present in the fuel pipe lopsen the fuel-pipe 
union at the injector. Then place the governor lever handle in the “ Start ” 
position by withdrawing the release pin. Put the starting handle on the crank- 
shaft and push in the compression release knob on the crankcase door, in order 
to lift the exhaust valve. Then turn the crankshaft until fuel free from air 
bubbles' appears at the fuel-pipe injector union. Tighten the fuel-pipe union. 

Finally, in order to make absolutely certain that a solid column of fuel is 
reaching the fuel valve, and that no air is present, place a finger on the feeling 
pin in the top of the injector, and if fuel is present without air, a definite creak 
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Fig. 12. Engine fitted for roMPREssEn-AiR starting — separate 
AIR-COMPRESSOR TYPT (R. A. Lister & Co., Ltd.) 

will be heard in the fuel valve, and the lift of the valve will be felt by the finger. 

On muiu-cylinder engines this procedure must be carried out with each 
pump elemen^^ 

(6) After priming the fuel system, see that the compression release knobs 
are pushed in. 

(7) Set the governor handle to Start. 

(8) Lift the overload pawl to allow governor lever to move to its maximum 
po.sition. This pawl will return to normal as soon as the engine starts. 

(9) Screw the compression ratio change-over valves inwards tight on to 
their seats. 

To Start 

(1) Grip the starting handle firmly, ensuring that it is fully engaged with 
the crankshaft end, and turn smartly. When a good speed has been attained on 
the flywheel, pull out the valve lifters, when the engine should immediately 
fire. On multi-cylindei; engines the other valve lifters should be pulled out 
immediately after 

(2) As soon as the engine has attained its normal speed, open the com- 
pression ratio change-over valve by screwing the handwheels outwards until 
they come to a stop. 

(3) When the change-over valve is screwed in, it beds against the seating 
at A, Fig. 1 1, and when screwed out against seating at B. These seatings should 
be kept free from carbon. This can be done by turning the valve handwheel 
backwards and forwards once or twice before leaving in the final position, 
tight up. 
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4:- CHASES 5 SO. 12 " DEEP FOR 
4-- f BOLTS 13" LONG STANDING * 
2" ABOVE CONCRETE 


Fig. 13. — Typical installation drawing of a 5-b.h.p. petrol engine— side and end 

ELEVAIION 

Speed Regulation 

Should a slight adjustment in speed be required, this can be made by 
screwing the adjusting screw inwards to increase the tension on the governor 
spring. This increases the speed, and by screwing out the adjusting screw the 
tension on the spring is eased and so the speed is dropped slightly. 

To Stop Engine 

Turn the governor locking pin until it falls into the slot. Pull back the 
governor handle in the direction of the curved arrow (Fig. 9) and the engine 
will stop. 

Do not turn off fuel-supply tap except in case of emergency. The turning 
“off” of this tap may lead to air locks in the fuel-supply system and the necessity 
for repriming it. Never try to stop the engine by lifting the exhaust valve. 

Compressed-air Starting 

To start the engine on a plant fitted with an air receiver and air com- 
pressor for compressed-air starting (Fig. 12), carry out,jthe instructions already 
given with regard to filling up with fuel, oil, and water, etc., apd set the governor 
. lever handle in the starting position. Screw in the handwheels of the compression 
change-over valves, except that fitted with the starting air valve, and put the 
engine on top dead centre of No. 1 cylinder, as marked on the flywheel. In this 
position the ball pad on the starting lever should be on the top of the starting 
cam. Put the engine on full compression fey pulling out the exhaust-valve 
lifters. Open the outlet valve and press the starting lever, when the engine 
should start immediately. Screw out the handwheels, close the outlet valve, 
and proceed to charge the air receiver. 
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INSTALLING A PETROL- 
ENGINE LIGHTING SET 

Stationary engines are 
usually mounted on a con- 
crete* base, and this should 
be from 6 in. to 10 in. above 
floor-level, according to the 
size. It is the usualj^ractice 
of manufacturers to provide 
a drawing with the engines 
they sell, and this gives all 
the information necessary 
for the construction of^the 
foundation. 

A Typical Installation Drawing 

An example of a typical installation drawing is shown in Fig. 13. This shows 
a small single-cvlinder petrol engine with its foundation, cooling tank, and 
exhaust silencer set out to comply with the manufacturer’s recommendations. 

Concrete for Foundations 

The best composition of the coiKiete for the foundation block is one part 
of Portland cement with four or five parts of washed ballast. 

After the foundation is constructed, it should be allowed to stand for a 
few days before any attempt is made to start erecting the engine. In very hot 
or dry climates it is desirable to keep the foundation flooded with water during 
this period. The holes for the foundation bolts should be much larger than the 
diameter of the bolts to facilitate erection. 

The alignment of multi-cylinder engines on the foundation is a matter of 
extreme importance. 

Lowering the Engine into Position 

The engine* should first be carefully lowered to within about 1 in. of the 
concrete and allowed to rest on strips of steel about 8 in. long, 2 in. wide, and 
of varying thickness. These strips or packing pieces should be near the founda- 
tion bolt holes, and the engine should be levelled by the insertion or removal 
of strips until it is* perfectly level, when the foundation bolts can be grouted. 
After an interval of a day or so, the concrete in the bolt holes will have set, and 
the nuts on the bolts can be pulled down tightly. 

Levelling Bedplate 

The level of the bedplate should then be carefully tested with a spirit-level. 
If any deflection is observed, the inequality must be corrected by the removal 
of some of the packing strips until the bedplate is level at all points. 



Ficj. 14. — Plan of typical petrol-engine 

INSTALLATION 
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When this stage is reached, the foundation can be finally grouted up witi 
a composition of two parts of fine sand and one part of cement. 

Arrangement of Belt Drive 

If the engine is to drive by belt on to fast and loose pulleys, these shoulc 
be arranged in such a way that when driving on to the fixed pulley the belt i? 
near the engine bearing. This applies particularly when the engine pulley h 
overhung, e.g. when there is no outboard bearing. 

The underside of the belt should be the driving side whenever possible, as 
the arc of contact is thereby mcreased by the sagging of the slack side. The 
pulleys should be arranged to give a belt speed of about 3,500 ft. per minute 
and care should be taken that the belt used is capable of transmitting th€ 
necessary power. The life of a belt will be prolonged and its driving powerj 
increased by keeping it in good working order. 

Direct Coupling 

It frequently happens that engines are to be directly coupled to some othei 
machine such as a dynamo, pump or air compressor, and that such machine! 
are not mounted with the engine on a combined baseplate. In such cases, tht 
procedure outlined above for engine levelling should be applied to the machim 
which is ^o be driven. 

Aligning Direct-coupled Shafts 

Should the driven machine be rigidly coupled to the engine, it is of th( 
utmost importance that the shafts of both should be in the same horizonta 
plane in order to prevent malalignment. If they are not, there is a danger of thi 
crankshaft fracturing due to fatigue set up by the alternating stresses generated 

To obtain correct alignment, the two halves of the coupling should b 
brought together and a feeler gauge inserted between the coupling faces. If th 
same reading is obtained at intervals of 90° round the coupling, the bolts cai 
be tightened up. 

If a flexible coupling is used, the results of incorrect alignment will not b 
dangerous, but even so the stresses will have to be absorbed at some poin1 
and the same care should be* taken to ensure that the two shafts are co-axia 

Alignment Indicator 

When the two machines are finally connected, tl;^e alignment should b 
checked by means of an alignment indicator. This simple mstrument can b 
bought for a fraction of the cost necessary to defray the cost of a new crani 
shaft, particularly if the engine be of medium or high power. The check is mad 
by inserting the indicator between the webs of the crankshaft and noting th 
readings at intervals of 90°. 

Malaligmnent will be most noticeable between the webs nearest the flj 
wheel, and a difference of 0*002 in. should be investigated and corrected. 

It is a commendable practice periodically to check the alignment becaus 
the foundations may subsequently settle, and disturb the position of the engir 
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and driven machine sufficiently to move the two shafts out of alignment. The 
importance of correct positioning will be appreciated when it is remembered 
that if the engine speed is 800 r.p.m. there are 384,000 alternating stresses in a 
running period of eight hours. 

Coolipg Equipment 

Most stationary engines are cooled by the tank thermo-syphon system, and 
this is an excellent system in all cases where there is no cibjcction to space which 
the water tank or tanks must occupy. If the water tanks are not supplied by 
the engine manufacturers, the user should be iidvised by them regarding the 
required capacity. For normal conditions a capacity of 8 or 10 gallons per 
b.h.p. of engine power is usually allowed. If the engine is working continuously 
for long periods, or is installed in a tropical climate, this capacity should be 

increased by 50-100 per cent. 

• 

Installing a Thermo-syphon System 

In a thermo-syphon System, the water tank should preferably be installed 
out of doors, and the top of the tank should be well above the top of the engine. 
The size of water piping should be that recommended by the manufacturers 
and the pipe connecting the engine outlet to the tank should have a gradual 
rise. The water in the tank should always be above the pipe from the engine, 
otherwise the circulation will cease unless the natural thermo-syphonic action 
be assisted by a water puffip. If there is no pump in the system, it is desirable 
to connect the mai^ supply to the tank, and lit a float valve to maintain the 
level. 

“Run Through” Cooling System 

If there is an ample supply of water available, water tanks need not be used, 
as the water can be allowed to run through the engine to waste. This is known 
as the “run through” system, and when used the water should be available at 
a pressure. of not less than 10 lb. per square inch, which is equal to a head of 
about 20 ft. With this system, from 1 J to 3 gallons of water per b.h.p. hour are 
required, according to the t^perature of the water being used. 

“Hard” Water 

In some localities the water is “hard,” that is, it contains much mineral 
deposit held in suspension. Such water will deposit lime if its temperature when 
leaving the engine exceeSs about 150° F. This precipitation in the water spaces 
rapidly reduces their area" and consequently the engine “overheats.” The remedy 
is to remove the scale from the water spaces and increase the velocity of the 
water to reduce the te?mpciaiure rise. 

Radiator Cooling 

Some engines are cooled by a radiator similar to the motor-car, and usually 
the circulation is assisted by a water pump. If there is no pump, the water in 
the radiatcr should be at a higher level than the top water pipe. 
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Exhaust and Exhaust Gases 

He disposal of the exhaust gases is a matter about which some care must 
be taken. The piping should be as short as possible, and the atmosphere end 
of the pipe should be fitted with a bend or cowl. 

In thickly populated areas, the exhaust should be well silenced, and in such 
cases the use of an auxiliary silencer or pit is recommended. If the bore of the 
exhaust piping is too small, back pressure will be set up and this is detrimental 
to the engine. The bore of the piping should not be less than that recommended 
by the engine builders. 

Fuel Tank 

Most stationary engines have a gravity-feed fuel supply and the fuel tank 
should be slightly above the level of the carburettor in order that there may be 
a good head of f^uel at the delivery point. The fuel tank should be fixed in an 
accessible position and where there is no likelihood of water reaching the fuel. 

The Initial Start 

Tighten all Nuts and Joints. — After the engine has been erected and the 
piping connected, all external nuts and piping joints should be tightened. 

Fill Water and Fuel Tanks and Lubricator. — The water and fuel 
tanks should be filled, and the lubricator should be filled with the correct grade 
of lubricating oil. The engineer should go round the engine with an oilcan to 
fill up the sundry oil holes ; and if the main bearings are ring-oiled, the oilwells 
should be filled up to the correct level. 

Test for Obstructions. — The engine should be given a few turns by hand, 
with the compression cocks open, to ensure that there are no obstructions. 
It is wise to make sure that the water is reaching the cylinders, and that there 
are no obstructions in the piping. The lubricating pipes should be primed, and 
care should be taken that these pipes also are free from obstructions. 

Lubrication. — If the lubrication is of the drip-feed type, set the drops per 
minute to the figure recommended by the manufacturers. 

Turn on Fuel. — Turn on the fuel and lightly flood the carburettor. 

Switch On and START.—Switch on the ignition, and if the engine is of the 
hand-starting type, it should start after a couple of turns. 

Tighten Joints. — ^When the engine is “away,” let it run light for a time, 
and after it hasi warmed up, go round the engine again with spanners and pull 
down all bolts and joints tightly. It is frequently found that joints exposed to 
heat will need tightening when the engine is thoroughly warm. 

“Tune” of Engine.— A mental note of the “tune” of the engine should be 
made. The sounds made when running are a reliable guide to the engine’s 
performance. 

Faulty Engine. — So far it has been assumed that the engine has been 
started up quickly and easily, and this should be the case with a new engine, 
although there are exceptions. If a start is not effected after a few smart turns, 
a check of the engine should be carried out in order to try to locate the reason. 



OPERATION AND 
MAINTENANCE -OF 
DIESEL LOCOMOTIVES 

D uring the last twenty years there is no doubt that the diesel loco- 
motive has come into its own, and is being installed in increasing 
numbers with e\^ry year that passes. 

Diesel locomotives fall naturally into three classes: 

(1) Narrow-gauge machines weighing up to 14 tons used for surface working 
in quarries, brickworks, plantations, on public works’ contracts, and similar 
applications. There is also a large field where this type of machine is fitted with 
exhaust conditioning apparatus for work underground in metalliferous and 
coal mines and the like. 

(2) Shunting locomotives working on the normal main-line gauge of the 
country in question. These are used largely on the internal railway systems of 
factories, steel works, docks, harbours, electricity stations, gas works, and on 
similar duties. 

Generally speaking, the smallest locomotive of this type weighs 1\ tons and 
the largest 45 tons approximately. 

(3) Locomotives owned and operated by main-line railway authorities, and 
these can roughly be classed as follows : 

(a) Fast main-line lo omotives largely used on express passenger work. 

{b) Smaller mixed-traffic locomotives. 

(c) Shunting locomotives stationed permiinently in marshalling yards. 

A further division can iJe made with reference to the manner in which the 
power is transyiittcu from the engine to the rail wheels. In common use to-day, 
two types of transmission are found— one mechanical and the other electric. 
Experience shows that the majority of the locomotives coming within categories 
(1) and (2) are fitted with mechanical transmission, and the following notes 
relate to an engine of this L>pe. 

Another subdivision discloses a difference between the types of mechanical 
drive, particularly as regard^' the gearboxes, which are operated either manually 
or hydraulically. 

CONSTRUCTIONAL DETAILS 

It may be an advantage now to consider the design of a specific locomotive, 
for which purpose we are taking a medium-weight machine manufactured by 
Messrs, kuston & Hornsby, Ltd., of Lincoln. 
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F 1 ci . I . — Mldium- 
WEIGHT (2 8-T on) 

LOCOMOTIVE 

{Ruston & Hornsby, Ltd.) 


The locomotive is shown in Fig. 1, and can be subdivided into the following 
major components : 

(1) Power unit. 

(2) Gearbox. 

(3) Frame and running gear. 

(4) Engine bonnet, cab, etc. 

(5) Compressed-air system comprising compressors, receivers, and piping. 

Power Unit 

This, as the illustration shows (Fig. 2), is a vertical-type six-cylinder, four- 
cycle diesel engine, running at a maximum speed of 1,250 r.p.m., with a speed 
range down to 500-550 r.p.m. 

The housing is fitted with renewable wet-type liners. The cylinder heads 
carry the inlet and exhaust valves with their attendant rocking levers actuated 
through hardened-steel tappets operated by a camshaft carried in the housing 
and driven by chain from the main crankshaft. 

Each cylinder head also carries a fuel injector which receives a supply of 
fuel from the fuel pump of the monobloc type carried on a bracket on the engine 
housing. The purpose of the injector (illustrated in Fig. 3) is to convert the solid 
fuel to a fine mist or spray„ which ignites, due to the temperature rise in the 
engine cylinder during the compression stroke. 

The crankshaft runs in main bearings lined with anti-friction metal carried 
in steel shells, wjiilst the connecting-rod bearings are of similar construction. 

The connecting rod small-end bush is of phosphor-bronze, working* on a 
floating gudgeon pin in the aluminium-alloy piston. 

Starting is effected by compressed air delivered in correct sequence to each 
cylinder through the means of starter valves controlled by a distributor operated 
from the camshaft. 

Cooling.water is circulated through the engine system and radiator by means 
of a centrifugal pump driven from the main crankshaft, the pump forming an 
integral part of the power unit. A thermostat is also fitted to give appropriate 
temperature control. 
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The flywheel is located at the driving end of the engine, and 
carries a flexibly mounted shaft which takes the drive to the 
coupling on the gearbox. 

Gearbox 

The gearbox fitted to this type of machine is the constant- 
mesh totally enclosed oil-operated type arranged to give four 
speeds in either direction of travel, and is made by Ruston & 
Hornsby, Ltd., under S.L.M. patents. Th^ sectional view of Fig. 
4 shows cleSrly the method of construction. 

A primary shaft (S) is coupled to the power unit as 
described, and carries four gears, all of which are in constant 
mesh (/)), with four secondary gears carried on shaft {T). These 
secondary gears (U) are of special .construction as follows: 

The outer parts of the gear are made in two halves 
screwed together with teeth cut on their peripheries meshing 
with the four gears on the primary shaft. These steel outers 
run freely on the inner clutch members (F). Inside each 
secondary gear are two phosphor-bronze sliding clutch plates 
(F) telescoped together and machined on their outside faces, 
with annular ridges and grooves of tapering cross section 
registering with similar grooves on* the inside of the steel gears. 
These clutch plates are splined and free to slide on shaft (T). 

To engage a gear, oil under pressure is admitted through 
shaft (T) to the appropriate clutch plates (F), which are thus 
forced apart to engage the secondary gears (t/). The secondary 
shaft (T) carries a bevel wheel (IF), which transmits the drive 
to the reversing gears and thus to the final drive shaft which 
carries the jackshaft of the locomotive. 

The power is taken to the jackshaft as follows : 

Through the appropriate gear on the primary shaft to the steel outer part 
of the gear on the secondary shaft ; this being solid with the internal phosphor- 
bronze part, the drive thus passes to the secondary shaft and so to the final drive. 

To change gear, the control valve is arranged so that it can supply oil to any 
of the four appropriate secondary gears, being designed in such a way that until 
the oil pressure is released from one set of secondary gears it cannot be trans- 
ferred to another set. 

Oil pressure is supplied by a gear-type oil pump driven from the primary 
shaft of the gearbox, a relief valve being fitted to the oil-pressure system and 
operated by the change-gear lever in the locomotive cab. Its purpose is to reduce 
the oil pressure when engaging first gear, thus ensuring smooth take off or 
accurate control of the locomotive during inching, and it is also used to dis- 
connect the drive by relieving the oil pressure on any gear clutch during the 
application of the airbrakes with which the machine is fitted. 

The forward and reverse bevel gears are driven from the bevel on the 



Fig.3.— Rusion 
MARK 37 FUEL 
INJECTOR 
{Ruston & Horns- 
by, Ltd.) 
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Fj(i 4 - SECnONAL VIEW Of GEARBOX FITTED TO THE RUSTON MEDIUM-WEIGHT LOCOMOTIVE 
{RusUm & Hornsby, Ltd) 

secondary shaft, and each of these former are fitted with dog clutches pressure 
operated by means of a control valve situated in the cab. 

The gear-change control and the forward reverse controls in the cab are 
mechanically interlocked, so that it is impossible to operate the forward and 
reverse control, while any one ot the main-gee r clutches is engaged. Further- 
more, the forward and reverse control carries a neutral position in which it is 
impossible to engage ^he main clutches : thus, when not attended, the locomotive 
can be left in a perfectly safe condition. 

Main Frame and Running Gear 

The locomotive franSe consists of heavy steel plates and cross members 
welded together toTorm^ single unit able to withstand the heavy shocks and 
stresses encountered during normal shunting operations. Combined in this 
frame is the seating to carrv the power unit, also carrying faces on the side 
members to take the gearbox. 

The axle boxes are carried in horn guides fitted to the main-frame side plates 
by means of fitted bolts, and arranged in such a way as to be easily removable 
when renewal is necessary. 

The axles carrying the rail wheels are, of course, in the axle boxes, and are 
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Fio. 5. — External view 

OF GEARBOX FITTED TO 
THE RuSTON MEDIUM- 
WEIGHT LOCOMOTIVE 

The casing itself is 
“supported in the frame 
by two horseshoe plates, 
which form an integral 
part of the gearbox. 

{Rust on & Hornsby, Ltd.) 


suspended by means of laminated springs carried on steel hangers slung inside 
the frame. 

Th'j drive to the rail wheels is taken from a jack crank through the means 
of forged-steel connecting and coupling rods. 

Compressed-air System 

As the locomotive relies on the compressed air for starting the power unit, 
operating the reverse mechanism of the gearbox, applying the brakes, and 



Fig. 6.— Medium-weight locomotive frame 

The illustration shows the locomotive frame carrying the power unit, gearbox, and also 
the runnmg gear. {Ruston & Hornsby, Ltd) 
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operating the sanding mechanism, 
provision must be made for an 
adequate and constant supply of 
air. This is achieved by mounting 
on the locomotive an aii -cooled 
compressor driven by belt from 
the extension shaft between the 
engine and gearbox, and con- 
stantly running when the main 
engine is in operation. In 
addition, a separate compressor 
driven by an independent petrol 
engine is also mounted under the 
bonnet, the main function of 
which is initially to charge the 
engine-starting air receiver, but 
it is also useful during periods of 
maintenance, receiver inspection, 
and the like. Piping from this 
second compressor set is, of 
course, arranged in such a way 
so as to delivei air to the main 
air piping system normally used 
by the compressoi drnen from 
the main engine. 

MAINTENANCE 
For successful maintenance 
the possession of a suitably 
equipped locomotive shed is 
almost a necessity. This should be 
adequately lighted and equipped 
with an inspection pit, lifting 
gear, and worl^ bench with vices. 



Fic;. 7. — Locomotive cab interior 

(1) Lubricating oil and air pressure gauges. 

(2) Forw-ard reverse control. 

(3) Gear change lever. 

(4) Engine-speed control. 

(5) Air-brake control duplicated on either side 

of the cab. Other handle out of picture on 
the left. 

(6) Sanding control. 

(7) Engine air-starting valve. 

(8) Electric switch-box. 

(9) Cab h 'ater 

(10) Pneuphonic horn ccntrol. 

{Ruston & Hornsby, Ltd.) 


It is also desirable that the shed should be heated during the winter months, 
and provision should be made for the storage of dry sand for replenishment of 
the sand boxes in the locomotive. 

An injector testing pump of the type illustrated in Fig. 8 is also extremely 
useful, whilst reasonable lock-up cupboard facilities for the storage of certain 
essential spares, such a.'> irijectors, joints, filter elements, and brake blocks, 


should be arranged. 


Examination and Maintenance Periods 

Examination periods for the various parts of the locomotive naturally depend 
upon the '’•'orking conditions, but experience shows that the following is a reliable 
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approximate guide. Users find, however, through experience, the most suitable 
periods to meet their own conditions, and these should be carefully enforced. 

Daily, 8-] 2 hours 
Power Unit : Check engine lubrica ting-oil level. 

Check fuel-oil level. 

Top up lubricators and grease cups. 

Locomotive: Top up lubricators and grease cups. 

Examine water level in radiator. 

Check compressor oil level. 

Two to three days, 20-36 hours 

Locomotive : Drain starting air receiver of water by means of cocks provided. 

Drain brake air receiver of water by means of cocks provided. 

Weekly, 50-60 hours 

Power Unit: Clean lubricating-oil filter. ‘ 

Clean fuel-oil filter. ^ 

Clean air filter. 

Service air filter. 

Locomotive: Check gearbox oil level. 

Use oilcan to all joints, buffer stems, etc. 

Monthly, 200-300 hours 

Power Unit: Drain and refill engine lubricating-oil sump after cleaning by 
flushing out. 

Remove injectors and test spray. If in order, replace without 
interference. See detailed instructions for cleaning injectors if this 
is necessary. 

Inspect fuel system to see that all joints and connections are tight. 
Drain and clean out fuel filters, washing the elements in clean 
petrol or paraffin. 

When engine is running, make sure that starter valves are seating 
properly, and not leaking. Leakage is indicated by warm pipe. 
Locomotive : Drain and refill compressor oil sump*. 

Examine all driving belts and adjust if necessary. 

Examine all important nuts and bolts and joints fbr tightness. 
Examine brake shoes, and adjust if necessary. 

Every two months, 400-600 houn 
Power Unit : Clean injector filters. o 

Remove engine covers and see that all bearing nuts are tight and 
split pins intact. 

Check for excessive lift of bearings by means of bar under fly- 
wheel, or connecting-rod large-end bearings. 

Examine electric battery used for lighting system. 

Every three months, 600-900 hours 
Locomotive : Drain gearbox oil sump and refill with new oil. 
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Every four months, 800-1,200 hours 

Power Unit: Remove water-jacket cover and remove any mud or scale. 


Every nine to twelve months, 1,800-3,600 hours 
Power Unit: Remove cylinder heads and clean out water spaces. 

Draw each piston and carefully clean out oil-return.holes. 
Examine and adjust all bearings. 

Examine and grind in, if necessary, all inlet and exhaust valves. 
Wash out all lubricating-oil pipes. 

ChecU all nuts, including those ii^the timing gearcase. 

Clean out exhaust manifold and piping. 

Clean and grind air-starter valves. 

Locomotive : Check all nuts. 

Examine bearings. 

Remove g*earbox covers and examine gears, clutches, bearings, 
pump, etc. See that all locknuts and screws are tight before 
replacement of covers. 

Remove air-brake cover and ex'^mine piston and ring. 

Check axle boxes, horn guides, and running gear generally, 
including coupling and conn 'cting-rod bushes. 


CARE OF INJECTION EQUIPMENT 

It is true to say that the satisfactory running of a diesel engine is largely 
dependent upon tlic condition of the fuel injectors. Maximum efficiency in 
operation can only be expected if the injector is delivering the fuel oil in such a 


Fl( J . 8.— RuSTONg NJEC U >R 
TESTER 

This pump is designed 
for use m cleaning, check- 
ing, and testing injectors 
after reconditioning.* 

{Ruston & Hormbv Ltd.) 
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brm as to produce the most efficient combustion. When an injector is not run- 
ling well, the cause is generally due to the presence of dirt or other foreign matter. 

To assist users to keep this equipment in perfect condition, a testing pump 
ind a set of reconditioning tools are invaluable. There are proprietary equip- 
nents of this nature obtainable, and some makers supply them themselves. 

A few ndtes on the use of these accessories may be worthwhile. 

Testing Pump 

The construction of this can be plainly seen from the ^illustration (Fig. 8). 
ts uses are briefly expressed as follows : 

1) To clean the injector by pumping clean, light oil through it. 

2) To check periodically the quality of the atomising. 

3) To check the quality of the spray after the injector has been dismantled 
either for reconditioning or for fitting new parts. 

By using the pump for purposes (1) and (2), the dismantling of the injector 
s reduced to the very minimum. , 

Method of Use 

Clean, well-strained fuel oil is poured into the container, and the pump is 
feely operated until its discharge is free of air. The adapter nut is then con- 
lected to the injector. 

The necessity for using clean fuel oil, free from any foreign matter, is 
jarticularly emphasised, as the greater part of injector wear and troubles are 
lue to the use of unclean fuel oil. 

At first, fuel oil should be forced through the injector for the purpose of 
leansing with the gauge valve closed. Then gradually open the gauge valve 
ufficiently for the operator to be able to read a steady pressure upon the gauge. 

If the gauge continues to show a reading considerably above the correct 
atomising release pressure, further pumping should be done with the gauge 
^alve closed, the aim being to clean the injector in this way by the force pump 
intil a further trial shows the gauge to read approximately the correct release 
)ressure, as stamped on the plate attached to the injector. 

A good spray should cut off without a dribble at each pump stroke and the 
luantity of spray from each hole should be approximately the,same. 

If it is necessary to dismantle the injector, the instructions given in this 
espect by the indiyidual makers should be closely followed. 

tc-conditioning Equipment 

The use of this reconditioning equipment is fully explained by the suppliers. 
The instructions are simple and straightforward, and the possession of such a 
:it is to be recommended to every user of a diesel locomotive. 

It is emphasised that the preceding instructions (for which we are indebted 
o Messrs. Ruston & Hornsby, Ltd.) should only be regarded as a guide, 
ind more specific information concerning any particular type of locomotive 
:an be obtained from the operating and instruction manuals supplied by the 
nanufacturer. 



TESTS ON DIESEL-TYPE 
ENGINES 

N OW that compression-ignition engines are being used for motor vehicles, 
and are being made to run at very high speeds, it is important, so far as 
indicators are concerned, to distinguish between engines of this type and 
those running at comparatively slow speeds, such as ships’ main engines and 
auxiliaries, and engines ursed for driving large electric generators. Each type has 
its own indicator, and the following description relates to the medium-speed 
model. We shall consiefer indicating, say, a ship’s main diesel engine, the 
apparatus required consisting of the indicator, indicator valve, and reducing 
gear, all of which differ from the corresponding units used for steam engines. 

The Indicator 

Fig. 1 show‘ a well-known type of diesel-engine indicator, and although it 
operates on a similar principle to ike steam-engine indicator, it has a number 
of features to suit the exacting conditions met with in compression-ignition 
practice. Since cylinder pressures arc much higher, the indicator is strengthened 
throughout, and while double— instead of single — coil springs are used to 
prevent the use of unnecessarily heavy spring wire, which would unduly stress 
the instrument, a piston of reduced area is fitted. This means that with the same 
engine pressure in the indicator cylinder, a spring of only half strength gives the 
same diagram height with a half-area piston and only half the force is felt by 
the piston rod. The piston, which is hardened and of heat-resisting steel, has 
grooves cut in its surface to collect carbon and other grit blown into the indicator 
cylinder by the engine gases. These channels also accommodate lubricating oil. 
The recording drum allows for a diagram 1 in., 1^ in., or 2i in. high according 
to the size of indicator chosen. 

A notable feature of this model is the incorporation of a cooling device so 
that it can be used on bigh-temperature tests. Spare cylinders and pistons are 
also provided, and a cfuick-acting drum-spring adjustment is fitted, together 
with a “detent” gear, so that the drum can be stopped for changing the diagram 
paper without unhocking the cord. 

The Diesel Indicator Valve 

When indicating a diesel engine, it is found that if an ordinary indicator 
cock is used, seizure of the cock plug takes place owing to the intense heat. 
Therefore a valve is used instead. A convenient type of valve is shown in 
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section in Fig. 2. 
No stufling box 
is required with 
this valve, and 
as the spindle is 
screwed with a 
“quick” thread, 
the full move- 
ment can be 
accomplished in 
under two turns 
of the handle. 

Reducing Gears 

The camshaft 
is conveniently 
used for the 
reducing gears 
which actuate 
each indicator 
drum, so that 
the movement 
of the latter 
shall be a re- 
duce d- seal e 
copy of the 
motion of the 
particular en- 
gine piston. Be- 
fore the gears 
are fitted, it must 
be remembered 

drums must be pulled forward and backward ©nee while the 



Fig. 1.— “Dobbie-McInnes” diesel-engine indicator for medium- 
speed ENGINES UP TO 800 R.P.M. . 


that the 


respective pistons move from top centre to bottom centre and back again ; 
also that the two-cycle engine camshaft rotates once for every revolution 
of the crankshaft and the four-cycle camshaft only h^lf a turn per crankshaft 
revolution. * 

Fig. 3 illustrates an eccentric-type gear often fitted to the camshaft of a 
two-cycle engine ; it will be noted that it is really a small reproduction of the 
connecting rod and crank of the engine, and to obtain a correct diagram it is 
important that : 


distance a ^ length of engine connecting md 
distance d length of engine crank 
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For a four-cycle engine a double-cam gear is frequently used (see Fig. 4). 

When constructing this type of gear, it is insufficient merely to fit two semi- 
circular cam profiles on opposite sides of the shaft, even though they may he 
accurately set so that their peaks are under the rocker-arm roller when the 
engine is on top dead centre ; the cam profiles must be accurately designed to 
allow for what is known as the eccentricity of the connecting rod. No allowance 
need be made for this when fitting a reducing gear to an engine crosshead, but 
we are now dealing with a 
rotary part between which and 
the piston the connoting rod 
and crank intervene. 

Connecting Up the Reducing 
Gear 

If reducing gears have not 
been fitted by the ejigine 
builders, this must be done 
in accordance with the above, 
and the gears must be set so 
that the points to which the 
indicator leads are to be 
attached will m^ ve in phase 
with the respective pistons. 

Indicators and valves arc then 
screwed into the cylinder tail 
pipes, which should be of 
large bore and as straight as 
possible. A lead made of in- 
dicator cord, steel tape, or 
wire is stretched between the 
hook or ring on each gear by 
a strong spring to a fixed 
pin on the engine, the spring 
being used to •keep the lead 
taut — see Fig.* 5 — and the 
lead should be taken as near to the indicator as possible, with the pin pre- 
ferably beyond it. A loo*p is made in the lead or attached to it for the indicator 
cord hook. * 

Setting the Drum Cord 

Any one piston is put on top centre, at which point the indicator lead will 
be at the end of its stroke. The drum cord is lengthened or shortened until, 
when hooked to the loop, the drum is clear of the stop. On Slowly turning the 
engine one revolution, the drum should rotate forwards and backwards without 
reaching either stop. 



Fig. 2.— “Dobbie-McInnes” diesel indicator valve, 

SHOWN CLOSED TO ENGINE AND INDICATOR, OPENED 
TO ATMOSPHERE 
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Fig. 3.— Eccentric-type gear 
a}b must equal engine connecting rod to 
crank ratio. 


SPRING- LOADED ROCKER ARM 



Fig. 4.— Cam-type gear 

Cam profiles must be accurately designed. 
Rocker arms shown of equal length. 


Indicator Spring 

After cleaning and oiling the 
indicator piston, a pressure spring 
is chosen for the instrument, from 
a knowledge of the maximum 
engine pressure, to give the 
requisite diagram height. On re- 
assembly, the instrument is ready 
for the test, the drum cord being 
unbooked, the valve shut to the 
engine, and a diagram card placed 
on the drum. 

The Test 

When* engine .conditions arc 
reached ^for which indicator 
diagrams are required, the drum 
cord is hooked to the loop to set 
the drum in motion. The valve is 
opened to the indicator, the pencil 
of which is lightly put in contact 
with the paper for one cycle and 
withdrawn. The valve is shut and 
the pencil is again applied to draw 
the atmospheric line. Since there is 
no condensation to clear away, as 
in the steam engine, the valve 
should always be shut, except when 
actually taking the card. 



DIESEL-ENGINE DIAGRAMS 

Five important types ^re shown 
in Figs. 6-10, which are copies of 
actual diagrams obtained from 
large six- and eight-cylinder marine 
engines. ^ 

Four-cycle En^e P,V. Power 
Diagram 

Fig. 6 illustrates the type of 
diagram obtained as described 
above. It will be noticed that at the peak, where firing takes place, the diagram 
is very narrow, because the indicator drum is at the end of. its travel and is 
moving very slowly. To investigate what is happening during combustion a draw 
diagram is taken; the most important part of this is shown on the right' of 


Fig. 5.— Method of connecting indicator 
Stiff spring relieves indicator drum spring 
from necessity of keeping lead taut. 
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the pressure-volume diagram, and winmci 

is obtained by pulling the indicator 
drum cord by hand as the pencil 
rises and falls. The point at which 
firing begins is clearly shown, and 
the height of the outline at this 
point gives the compression pres- 
sure. AL is the atmospheric line 
common to both diagrams. 

Four - cycle Engine Light - spring 
Diagram 

To examine events during ex- 
haust and intake, it is necessary to 
magnify the bottom of the diagram which appears in Fig. 6 as straight lines 
coincident with the atipospheric line. A light spring is therefore fitted to the 
indicator and the result is shown in Fig. 7. 

Crank -angle Base Diagram 

Since the snape of the peak of a die .el diagram is of such importance, 
means are often provided to give a mechanically operated draw card, so that 
the diagram hit' a form similar to the draw diagram shown in Fig. 6, but can 
be calibrated horizontally as well a' vertically. 

Compression Diagram 

This is obtained by shutting o.T the fuel from the cylinder being indicated 
and is used to test the setting and accuracy of the indicator gear. Its correct 
shape is as shown in Fig. 8, with compression and expansion lines apparently 
coincident. Should it be looped, the gear requires adjustment. 

Continuous Diagrams 

It is sometimes of value.to study changes in the form of the diagram under 
varying conditions. For this purpose the continuous-diagram indicator is used, 
and gives a complete record oi consecutive diagrams on the same paper. A roll 

of paper is used, which is wound 
from a spindle inside the drum 
round the periphery of the drum 
and back to a second internal 
spindle. Movement of the paper 
with respect to the drum occurs 
automatically during the intake 
or exhaust stroke, and therefore 
does not interfere with the form of 
the diagram, which is the normal 
p.v. diagram repeated. Fig. 9 shows 




EXHAUST LIMS 



AIR INTAKE UNC 

Fig. 7.— Four-cycle engine light-spring 

DIAGRAM MAGNIFYING THE EVENTS DURING 
THE TWO “idle” strokes 
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continuous diagrams from a four- 
cycle diesel engine running at full 
load. Fig. 10 illustrates the pressure 
and power changes while the engine 
starts up and stops. It should be 
noted that Figs. 9 and 10 are 
tracings of the originals, and that in 
Fig. 10 the toes of diagrams 2-7 
have been omitted, as in this par- 
ticular test only the peaks were under 
consideration. 

Engine Faults 

To obtain maximum economy in running, and to ensure there are no undue 
strains on the engine, it is essential that valves should open and close at the 
correct points of the cycle and that combustion should be even. Valve setting is 
checked by examination of the indicator diagram, whicn also shows such faults 
as choked atomisers, early or late firing, over- and under-loading of the engine. 
Fig. 1 1 shows an example of late firing. Note the dip at the top of the draw card 
and the low maximum pressure as compared with the compression pressure ; 
such conditions prevent the particular cylinder from giving full power and 
efficiency. 



Fig. 8.— Compression diagram t^ken with 

FUEL SHUT-OFF TO CYLINDER BEING 
INDICATED 


MEASUREMENT OF M.I.P. AND LH.P. 

The mean indicated pressure, sometimes called indicated mean effective 
pressure — I.M.E.P. — can be found by the planimeter, an instrument for 
measuring areas, or by the following simple method : 

Referring to Fig. 12, draw a straight line perpendicular to the atmospheric 
line ALat each end of the diagram AB and LM, and divide the distance between 
the perpendiculars into 10 equal parts, A-\, 1-2, 2-3, etc. At the midpoint of 
each division draw 10 straight lines, aa, hh, cc, etc., also perpendicular to the 
atmospheric line. Find the total length of those partS‘of aa, hb, cc, etc., contained 
by the diagram, multiply by the pressure scale of the diagram, and, by dividing 
by 10, average the result to give the required mean pressure. For example, if 



Fig. 9.— Diesel-engine diagrams from continuous-diagram indicator 
Horizontal line at bottom is drawn by a second pencil, and may be made coincic|ent with 
atmospheric line as shown in Fig. 10. Engine running on full load, 


TESTS ON DIESEL-TYPE ENGINES 77 

the total length of the “mean ordinates” was found to be 2* SO in. and the 
indicator spring scale was 360 Ib./sq. in. per inch, then : 


M.l P. 


2*50 X 360 

fo 


= 90 Ib./sq. in. 


I.H.P. is obtained from the M.I.P. thus found, by multiplying it by the 
product of the stroke in feet L, the cylinder area in square inches A, and the 
number of working strokes per minute Y, dividing the result by 33,000, i.e. : 

|!tp _ M.I.P. X Ly A x*N 

i.n.r. ^ - 33 000 per cylinder. 

For a two-cycle engine N is the same as the number of revolutions per 


Line 

Fig. 10. DjEsr L-ENGiNE diagrams from continuous-diagram 
indicator, taken during starting and SrOPPING 

1 . Air impulse (pressure carried nearly full length of stroke). 

2. Firing lightly. 3. Firing (ignition late). 4. Firing heuvily 
(handles hind over). 5. Full power (fuel being shut otf). 6. Fuel 
being shut off. 7. Fuel off (almosl a compression card — engine 
nearly stopped). 

minute ; for a four-cycle engine is half the r.p.m., as there is only one working 
stroke every two revolutions. 

Use of the Pianimeter 

The above Inethod of determining M.I.P., while frequently used, is not as 
accurate theoretically as one which enables the diagram area to be determined, 
thus eliminating calculation by mid-ordinates. The “Amsler” No. 6 pianimeter 
shown in Figs. 13 and f4 measures the actual area of the diagram, and it has, 
in addition, an arrangement for finding the mean height. 

Thus, a small variation at the peak of the card, which would not be taken 
into account by the mid-ordinate method, would be shown in the result obtained 
by the pianimeter. 

The diagram card is pinned to a drawing-board, and, as shown in Fig. 13, 
the pianimeter is reversed. 

By moving the slide on the tracing arm, the pianimeter is set so that the 
distance between the points on the upper side of the arm is equal to the width 
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B ‘ 2 5 4 



Fig. 12.— The “mean ordinate” method of measuring 

UP THE diagram FOR CALCULATION OF M.l.P. AND I.H.P. 
(M.I.P. of this diagram is 90 lb. per square inch.) 


of the diagram. Without 
altering this distance, the 
planimeter, Fig. 14, is 
placed on the board in a 
convenient position with 
the needle point E outside 
the diagram and the 
pointer F resting on the 
outline of the diagram. 
An initial reading is taken 
on the dials G and D. 
Without disturbing E, the 
pointer F is carefully 
traced round the diagram, 
following every feature of 
the curve until one com- 
plete circuit is made. The 
final reading is taken, and 
the initial reading sub- 
tracted from it. Dividing 
the result by 0-4 gives the 
mean height in inches, 
which, when multiplied by 
the scale of the indicator 
spring, gives the M.l.P. 
from which I.H.P. is found 
in the usual way. 


Example : 

Second reading 
of planimeter 1-784 
First reading of 

planimeter . 1*682 

Difference . 0-102 

Divide by 0*4 =0-255 in. 

mean height. 

If spale of spring is 

360 Ib./sq. in. per inch : 
Fig. 13.— Setting the No. 6 planimeter to the diagram t n 

WIDTH M.l.P. = 0*255 X 360 

= 91-8 Ib./sq. in. 

It is now an easy matter to calculate the indicated horse-power of the engine 
by using the formula 



M.l.P. X Lx Ax N 
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bearing in mind that the formula 
gives the horse-po\ver of one cylinder 
only. The total I.H.P. of a four-cylin- 
der engine, for example, would be four 
times the value given by the formula. 

The Optical Indicator 

This type of indicator employs, 
instead of a link-work and pencil 
mechanism, a smalf mirror which is 
capable of being deflected in a 
vertical plane by the pressure exist- 
ing in the engine cylinder, and in a 
horizontal plane by the to-and-fro 
movement of the piston in the 
cylinder. A beam of l^ght focused 
on the mirror is reflected back from 
it, and will trace out an indicator 
diagram on a suitable screen or 
photographic plate. These indicators 
are chiefly used for laboratory and 
research work. 

The ‘Tarnboro” Indicator 

This is an electrical indicator in 
which the varying pressure in the 
cylinder of the engine under test is 
recorded by means of electric sparks 
which puncture the indicator card. 

As only very slight movements of 
a pressure disc or diaphragm are 
required to cause the sparks, this 
indicator is almost free from inertia 
effects. It is particularly adapted for 
use on high-speed engines, and has 
been used largely in the testing of 
motor car and aero engmes. 

Construction and Operation of the 

“Famboro” Indicator 

The essential parts of the “Farn- 
boro” indicator are illustrated in Fig. 
1 5. The components are as follows : 

An induction coil for producing 
high-tensi(»n sparks. 



Fig. 14. — “Dobbie-McInnes” “Amsler” No. 6 planimeter for measuring m.i.p. and i.h.p. indicator dl^gr.^ms 
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A pressure contact unit which is screwed into the cylinder head of the 
engine to be tested. 

A compressed-air container with control valve. 

A rotating drum for holding the indicator card. 

A spring-controlled pivoted recording lever. 

It will be seen that the high-tension winding of the spark coil is connected 
to the recording lever, the high-tension circuit being completed through the 
metal drum and the engine frame. 

The low-tension side of the ignition coil is connected to a movable metal 
disc inside the pressure unit. This disc, which ca^n move between two seats, 
interrupts the primary circuit of the coil whenever it leaves either the upper or 
the lower seat. 

The air container is connected through its control valve with the upper side 
of the pressure unit', so that when the control valve is opened slightly the disc 
is forced on to its' lower seat and the air pressure is transmitted to a spring- 
controlled piston which controls the movement of the recording. lever. The 
position of the sparking point along the axis of the drum is determined 
by the aSr pressure acting upon the upper side of the pressure unit. The 
rotating drum is driven from the engine crankshaft directly or by chain, 
so that the angular position of the drum corresponds to the angular position 
of the crank. 

When the pressure in the engine cylinder rises above the value of the 
air pressure, the disc valve lifts from its seat and a spark occurs between the 
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recording lever and the drum. Similarly, when the cyhnder pressure falls below 
the air pressure, the disc leaves the upper seat and a spark occurs. These 
sparks mark the indicator card. 

To obtain an indicator diagram, the engine should be run up to a speed, 
and when steady conditions have been reached an increasing pressure is 
admitted from the air reservoir to the upper part of the pressure unit. As the 
air pressure rises, the spring-controlled piston in the pressure unit gradually 
moves outwards, carrying with it the recording lever. 

The disc valve leaves the lower seat every time the engine cylinder pressure 
exceeds the air pressure above the disc. In the meantime, the indicator drum is 
rotating in synchronism with the crankshaft. In this way an indicator diagram 
is obtained in the form of spark punctures on the indicator card. The line 
joining these punctures gives a pressure record plotted against crank angles. 
This may afterwards be converted to obtain an indicator diagram showing 
cylinder pressures plotted against piston displacements. 

• 

The Cathode-ray Indicator 

This is one of the latest and most eonvCiiient types of indicators for use 
with compression-ignition engines. The ‘ndicator unit consists of a small 
metallic capsule which can be screwed into the cylinder head, as shown in 
Fig. 16. When the 
varying cylinder pres- 
sure acts on this 
capsule, electrical vol- 
tages are generated AIR BL^ST^ 
in it, the voltage being 
proportional to the 
pressure. Two elec- 
trical leads from this 
unit are taken to a 
cathode-ray indica- 
t(^r. The horizontal 
sweep of the cathode- 
ray beam is controlled 
by an electro-mech- 
anical arrangement 
operated from ^the 
engine shaft, so that 

Fig. 16 .— Cathode-rait 

INDICATOR UNIT 

FTITED TO CYLINDER 

The indicator unit is 
cooled by directing a 
blast of compressed air 
at one of the ventilating 
holes in the bay. 
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the spot moves horizontally across the screen in synchronism with the move- 
ment of the piston in the engine cylinder. 

The varying voltages generated in the indicator unit control the vertical 
deflection of the cathode ray, so that when the apparatus is in use an indicator 
diagram can be seen on the screen of the cathode-ray tube. With such apparatus 
means are provided for obtaining a permanent record on a photographic plate 
whenever this is required. 

MEASUREMENT OF B.H.P. 

For testing purposes it is, of course, necessary to provide an artificial load 
for the engine. There are four possible methods of doing this, namely, by the 
use of a rope or band brake applied to the rim of the flywheel ; by means of an 
electric dynamometer; or by the use of an air brake. 

For small- and medium-sized engines some form of friction brake is the 
simplest. This method also requires less elaborate equipment than the dynamo- 
meter methods referred to below. 

Where a large number of tests are to be carried out on a range of engines, 
e.g. in the production testing, a dynamometer load is the most suitable. For 
general-purpose work the Froude hydraulic dynamometer is most satisfactory. 
For very accurate type tests some form of electric dynamometer is probably 
the most suitable. 

Fo rvery small high-speed engines an air brake offers the advantage of great 
simplicity in use, though it involves special care being taken in observing 
atmospheric conditions, as the resistance offered by the air screw varies 
according to the barometric pressure, the air temperature, and the humidity 
during the period of the test. 

Friction Brakes 

The two main types of friction brakes used are the rope brake and the band 
brake. 

The arrangement for applying a rope brake to an engine which is about to 
undergo a test is shown in Fig. 17. A flanged rim' is attached to the flywheel, 
and a rope wrapped once round. Weights are attached to one end of the rope 
and a spring balance supports the other end. As the engine flywheel rotates, the 
friction between the rope and the rim tends to hft the weights, so that the spring 
balance indicates aiigure less than the total weight on the brake. The difference 
between these weights, multiplied by the “lever arm” (see ,Fig. 17), gives ihe 
torque on the engine. 

It will be noticed that the rim, which is bolted on to the flywheel, has an 
outer flange. It will also be seen that there are two pipes, the ends of which are 
bent over this flange so that they are located near the inner rim of the brake 
attachment. A supply of water passes from one of these pipes into the interior 
of the brake rim when the latter is revolving, and this water is scooped up by 
the outlet pipe after it has passed round the wheel. This prevents the friction 
of the rope from overheating the brake rim. 



ARM 
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The points requiring « 

special attention when M 

using the rope brake are f7\ 

as follows : spring BALANcei J | 

1. The diameter of 

the rope must be taken ) a 

into account when calcu- ^ lfvcr arm I 

lating the lever arm, as j 

shown in Fig. 17. • 

2. The weight of the 5 

rope between the points 

XX and YY should be 7 // / \ 

allowed for. XX should 

be taken from the weight k "Ht — 

shown on the balance, \ — i / //| 

and FT added to the. J lil 

main weight. ^ \v v// 

3. A restraining 1 

bracket should always - 

be fitted to prevent the y X ' ■ 

weights from being (/^ ^ ot/r 

thrown over the wheel \ (f 11 

should the rope suddenly bracket li cooling water 

“ sei?c ” the brake rim. ; weights 

The limitation of the i L ... ^; --y -2 

rope brake is that the 

friction between the rope Fk,. 17 . - Arranglmust of the rope hrake 

and the wheel is liable to 

fluctuate slightly. These fluctuations will, of course, be seen on the spring 
balance, but an intelligent observation of this will enable fairly correct average 
reading to be obtained. 


restraining 

BRACKET 


COOLING WATER 


Fk,. 17 . - Arranglmfnt of the rope hrake 


If a weight of 50 lb. is pl’aced on the hook at the lower end of the rope, the 
spring balance should register a little over 50 lb., because it should also show 
the weight of the hook supporting the weights and also the weight of the straight 
part of the rope. If the engine is now started, with the rope wrapped round the 
brake rim, the rope wil^ tend to be carried round in the direction of rotation. 
This will have the ^effect of decreasing very considerably the weight indicated 
on the spring balance. 

Assuming with the engine at rest the spring balance gives a reading of, say, 
52 lb., and with the engine rotating over a certain period the average reading is 
27 lb., then the braking force is equal to 25 lb., acting at a leverage equal to the 
distance from the centre of the flywheel to the vertical centre line of the rope. 

To determine the horse-power the engine is developing under load, it is 
necessary to observe the speed of the engine shaft in revolutions per minute 
by means of an engine counter or by means of a speed indicator. 
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The resolution counter requires an observation to be taken over a period 
of a minute or more. The results obtained are highly accurate, but they represent 
the average speed over the period of observation. 

The speed indicator gives an instantaneous reading of the speed. It also 
show.i whether the speed is steady or fluctuating, but from the point of view of 
accuracy it is not so reliable as the revolution counter, because in course of 
time the control springs of the governor mechanism, or the field strength of the 
generator magnets, may become weakened. Such an instrument, therefore, 
needs fairly frequent recalibration if accurate results are required. 

B.H.P. Calculation 

If in an engine undergoing a friction brake test the following readings are 
obtained — 


Brake load, 70 lb. 

Effective radius of brake, 24 ii;*. 

Speed, 250 revs, per min., 

the brake horse-power can be calculated as follows : 

Force applied to rim of brake, 70 lb. 

Distance moved by rim of brake in 1 min. 

_ 250 X 24 X77 2 ft. 

” 12 

= 3,142 ft. 

Work done per min. — 70 x 3,142 ft. /lb. 

1 h.p. = 33,000 ft./lb. per min. 

__ 70 X 3,142 
“ 33,000 

Brake horse-power of 
engine under test = 6-66 horse-power. 

The Band Brake 

This is an alternative to the rope brake, the rope being replaced by a steel 
band to which wood or fibre blocks are attached (secs. Fig. 18). This band can 
be tightened on to the wheel to increase the load by means^ of a screw. A lever 
. of fixed length is attached to the band, and the torque is measured' on a spring 
balance.. A balance weight is fitted to balance the weight of the lever, or the 
weight of the lever can be subtracted from the spring balance reading (a sight 
feed is most satisfactory), and the rim must be cooled. Many engineers admit a 
• trickle of water to the cooling channel, allowing the water to boil, but a more 
satisfactory method is to fit a scoop to withdraw the water. 

The chief difference in the method of calculating brake horse-power wlien 
using the band brake as compared with the rope brake is that instead of using 
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Fig 18.— The band brake 

This type of friction brake is more accurate and stable than the rope brake. 

the effective radius of the brake rim as the lever arm the measurement must be 
as shown in Fig. 19, i.e. the effective leverage must be measured from the 
centre of the flywheel to the centre line of the spring balance. 

The Froude Dynamometer 

The Froude dynamometer is a device which is suitable for coupling up to an 
engine to be tested. It provides an artificial load, utilising the principle of 
hydraulic friction. A detailed description is as follows: 

The main shaft carries a rotor whicli revolves inside a watertight casing 
(see Fig. 20). • 

Each face of the rotor is formed into a series of semi-elliptical pockets, 
divided from each other by a series of oblique vanes. The internal faces of the 
casing are pocketed in fhe same way, but these pockets face in the opposite 
direction to those !n the rotor. Between the rotor and the casing are fitted 
adjustable sluice plates, and a supply of water is fed into the pockets through 
holes in the casing. 

As the rotor revolves, the water is flung outwards and forwards out of the 
pockets. The streams of water so formed are reversed by the casing pockets and 
flung back into the rotor. The reversing of the flow in this way exerts a force on 
the casing, and tends to drag it round with the rotor. The casing is mounted on 
rollers, and is restrained from movement by a weighing gear (spring balance 
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Fig. 19 .— Section of Froude hydraulic dynamometer 
The electric motor is for driving the engine to determine pumping losses, and is declutched 
when not required. It may also be employed as a starting motor. 


or weights, or both). Measurement of the restraining force required, which 
includes, not only the hydraulic reaction, but also the gland and bearing friction, 
gives a measure of the power output of the engine. The load is adjusted by 
operating the sluice plates, which blank off more or less of the easing cups from 
the water stream. 

For calculating the brake horse-power of an engine when using the Froude 
dynamometer, the makers of this equipment provide a simplified formula 
which takes account of the dimensions and characteristics of the particular 
model used. For example, a typical formula is : 

‘ Brake horse-power — 

1 ,Uw 

.where W is the weight shown on the spring balance and N is the speed in 
revolutions per minute. The factor 1,000 would, of course, vary according to 
the particular model of dynamometer in use. 

The Froude dynamometer is very suitable for routine and production 
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testing. It is very accurate and easy to use, providing the following simple 
precautions are taken : 

The brake should always be carefully balanced, so that the weighing gear 
reads zero with the rotoi stationary, but with water running through the brake. 

The brake arm must be exactly level when taking readings, and a spirit 
level may be attached to the brake arm to ensure this. 

The brake should be examined from time to time to sec that there arc no 
flats on either the supporting rollers or on the race. 

The water suppjy to the brake should be from a constant level header tank, 
and if more than one brake is run from the saihe tank the supply main should 
be very much larger than normal practice for water mains, and should be as 
short and as free from bends as possible. 

The Electric Dynamometer 

This device is similar to the hydraulic or Froude dynamometer in that it is 
a separate attachment be coupled up to the engine under test, but instead of 
providing a mechanical load it provides an electrical load for the engine. 

The usual type employs a D.C. gener^dor vvhich has been carefully calibrated 
so that its efficiency at all loads and speeds is known. The power generated, 
instead of being wasted, is sometimes fedinio the works supply and a continuous 
record is kept throughout the test of the amount of electrical energy generated. 

The Torque Reaction Dynamometei 

This is another form of electric dynamometer in which the generator casing 
is mounted on trunnions in a similar manner to the casing of the hydraulic 
dynamometer. A spring balance or weighing gear is used to measure the torque 
reaction, and the calculations are made as for the Froude dynamometer. 

The torque reaction dynamometer is more accurate than the electric type, 
and is independent of the varying efficiency of the electrical generator at 
different loads. It docs not require continuous observation or recording of the 
electrical power generated. 
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Fig. 19 .— Section of Froude hydraulic dynamometer 
The electric motor is for driving the engine to determine pumping losses, and is declutched 
when not required. It may also be employed as a starting motor. 


or weights, or both). Measurement of the restraining force required, which 
includes, not only the hydraulic reaction, but also the gland and bearing friction, 
gives a measure of the power output of the engine. The load is adjusted by 
operating the sluice plates, which blank off more or less of the easing cups from 
the water stream. 

For calculating the brake horse-power of an engine when using the Froude 
dynamometer, the makers of this equipment provide a simplified formula 
which takes account of the dimensions and characteristics of the particular 
model used. For example, a typical formula is : 

‘ Brake horse-power — 

1 ,Uw 

.where W is the weight shown on the spring balance and N is the speed in 
revolutions per minute. The factor 1,000 would, of course, vary according to 
the particular model of dynamometer in use. 

The Froude dynamometer is very suitable for routine and production 
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tandem engines (chiefly for use in ironworks), developing 5,500 B.H.P. or more. 
The usual fuels for these large-size engines are blast-furnace, natural, or sewage- 
sludge gas. Smaller engines may be run additionally on producer or town’s gas, 
and nearly all sizes of engines are available for operation on coke-oven gas. 
Speeds range from 1,000 r.p.m. to 100 r.p.m. or slower. 

The vertical form of conventional engine is available for operation on any 
gaseous fuel in powers ranging from 5 B.H.P. up to 3,500 B.H.P. or thereabouts, 
the speeds being comparable to those of oil engines with the same output. (In 
fact, the vertical gas engine is almost indistinguishable f’'om the oil engine 
except for its greater silence in running.) Mention must also be made of the 
Nordberg radial engine, which has the crankshaft axis vertical. The engine is 
mounted on top of the electric generator in the same way as in the case of a 
water turbine. Considerable economy of floor space is claimed, and the fact that 
there is a single-throw crank reduces the problem of torsional vibrations very 
considerably. The brake mean effective pressure is also often higher. 

« 

The High-coinpression Gas Engine 

The high-compression gas engine is, at present, only available in vertical 
form, having cylinder dimensions of less than 6 in. bore and 9 in. stroke. Larger 
sizes have been built experimentally, but trouble, due to detonation at the high- 
compression ratio, is experienced if these sizes are much exceeded. Thus, the 
upper power limit, with eight vertical cylinders, is about 200 B.H.P. at 
1,()00 r.p.m. 

The average full-load fuel consumption of the conventional gas engine is 
about 9,500 B.Th.U. per B.H.P.-hour, and is little affected by the type of gas 
used. For the high-compression type a fuel consumption of about 7,200 B.Th.U. 
per B.H.P.-hour should be expected, and, in favourable conditions, figures as 
low as 7,000 B.Th.U. per B.H.P.-hour have been returned. Thus, the high- 
compression engine shows a fuel saving of about 25 per cent, compared with the 
conventional type. 

The Dual-fuel Engine 

The dual-fuel type is available in sizes from 10 B.H.P. at 1,500 r.p.m. up to 
about 1,000 B.H.P. at 333 r.p.m., with normal aspiration, and from 1,500 B.H.P. 
up to about 7,000 B.H.P. as gas-injection engines (see pages 95 to 97). The 
latter are suitable only for natural gas of high calorific value. These engines are 
all vertical. The fuel consumption of the dual-fuel engine, is usually slightly 
better than that of the high-compression type, possibly due to ‘the better 
ignition qf the charge, and figures as low as 6,700 B.Th.U. per B.H.P.-hour 
(including oil and gas) have been obtained. 

The Instantly Convertible Gas Engine 

The instantly convertible oil-gas engine is, in effect, a high-compression gas 
engine having magneto ignition, with the addition of the necessary fuel pumps 
and control gear to enable it to run as an oil engine. It is available in the same 
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sizes as the high-compression engine, and its performance on gas is the same. 
As an oil engine, the fuel consumption is usually better than 0-38 lb. per 
hour. (The same figure may be expected from the dual-fuel engine running as 
an oil engine.) 

Lubricating-oil Consumption 

Lubricating-oil consumption on all types should be better than 5,000 rated 
B.H.P.-hours per gallon, but naturally much will depend on the speed and load 
factor. Both conventjpnal and high* compression gas engines on light load tend 
to draw lubricating oil into the combustion spat:e during the suction stroke; 
this is not the case with dual-fuel engines. The larger sizes, having metered 
cylinder lubrication, should return rather better lubricating-oil consumption 
tigures. Maintenance charges are generally lower than for oil engines, but if a 
producer plant is required, the cost of running and attending this must be added 
to the fuel cost in assessing the cost efficiency of the station as a whole. 

SPARK-IGNITION ENGINES 

Botn high-compression and conventional engines operate on what is loosely 
called the “Otto” cycle, though the two-siroke ('ycle is also used. Gas and air 
are drawn into the cylinder in the “correct ' mixture ratio, and compressed. 
Ignition by spark is followed by combustion of the charge at approximately 
constant volume. During the subsequent expansion stroke work is done, and 
the products of combustion are finally expelled so that the cycle can be 
repeated. Supercharging (or more properly, pressure-charging) is frequently 
adopted. The efficiency of such a cycle, all other things being equal, depends 
mainly on the compression or expansion ratio. Moreover, as the temperature of 
the exhaust gases is lessened with increase in expansion ratio, so the volumetric 
efficiency is improved, and this, with other factors, enables a higher output to 
be achieved as the compression is raised. (For a given cylinder, an increase in 
mean effective pressure from 70 lb. per square inch at 6 to 1 to as much as 
95 lb. per square inch at 13i to I should be possible on town’s gas.) 

Governing Systems 

Unlike petrof engines, gas engines give their best performance when the. 
fuel-air ratio is theoretically correct, A well-governed gas engine will show 
practically constant exhaqsi temperature from about 25 per cent, of full load up 
to full load, with a sfighj ri^c at overload and a fall at no load. With few 
exceptions all engines are governed in such a way as to maintain a constant 
quality of mixture, but to varv the quantity taken in per cycle. 

The exception is the “hii-and-miss” governing system, very common at one 
time, but now obsolete. In this.system the engine is governed by preventing the 
cylinder from receiving any charge at all for certain of the strokes ; as the speed 
falls, the governor then allows the cylinder to take in a full charge. The resulting 
working stroke is sufficient to keep the engine running for a few more revolutions 
until the speed again falls and another charge is admitted.The number of charges 
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per minute is varied according to the load demand. Clearly the speed regulation 
of such an engine will be very poor, and quite unsuitable for electric generation. 
The system is, however, thermally very efficient, owing to the very good 
scavenging of the cylinder between working strokes. 

Two main systems of governing by quantity are in use : 

Crossley System. — In this system the lift of the in(pt valve is varied by an 
ingenious system based on a variable fulcrum lever. The inlet valve has seals 
controlling both air and gas, and the proportioning of these seats is designed to 
ensure mixture strength as near as possible correct to all openings of the valve. 
Adequate mixing of the air and gas, so essential at light loads, is ensured by the 
action of the valve seats at small openings. 

National System. — The system most commonly associated with the 
National gas engine, though used by others, consists of a combined gas and air 
inlet valve, but of constant lift. Flow to this valve is controlled by a system of 
butterfly throttles in the inlet pipes. It is claimed that this system, whilst not so 
simple as the Crossley, enables individual adjustment both of mixture quantity 
and mixture strength to the individual cylinders of a multi-cylinder engine. 
Both systems are in very wide employment, and appear to give full satisfaction. 

On smaller engines a Venturi-pattern gas-mixing valve, similar to a petrol 
carburettor of the elementary type, controlled by a simple butterfly valve as 
throttle, appears to be satisfactory. In fact, during the period 1939-45, many 
successful conversions from petrol to gas fuel were made by rigging up a gas 
mixer out of old pipe fittings, and controlling the resulting mixture by the 
existing petrol-engine throttle. 

Adjusting Mixture Strength 

Whatever system of governing is employed, it will be found that some 
provision is also made for temporary adjustment of mixture strength to allow 
for changes in gas quality. This is usually done by adjustment of the main gas 
cock at the end of the engine, the air supply being left wide open. Occasionally, 
however, it may be necessary to adjust the air cock as well. Engines designed to 
run on a number of gases at choice, e.g. producer or town’s gas, are always 
provided with means for adjusting the mixture ratio easily. 

It will be appreciated that as the mixture ratio is controlled by the ratio 
between two areas, whether the areas concerned are in the inlet valve or in the 
throttle, some control of gas pressure is essential. Engines operated on suction 
gas producers will always be receiving gas at less than atmospheric pressure ; 
clearly, therefore, if such an engine were to be changed over from a suction to 
a Mond (pressure) producer, even though the gas quality were to remain the 
same, a change in valve setting would be required. Furthermore, if an engine is 
operated on gas supplied under pressure, however small, there is always a risk 
of gas leakage into the engine-room. 

For this reason most manufacturers recommend the provision of a gas 
governor, which will serve the triple purpose of controlling the gas pressure to 
the figure at which the valves were originally set, as a safety device to prevent 
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accidental leakage when the engine is stopped, and also to protect the gas- 
metering device from error due to pulsating flow and damage due to backfire 
(though the backfire is very uncommon on the modern engine). 

Ignition 

Ignition of the charge is carried out in most cases by the use of a high- 
tension magneto and sparking-plugs. The low-tension system is employed in 
very large engines, and in a few small engines where the compression ratio is 
low. In the high-compression engine the density of the charge is such that 
“high-performance” magnetos and plugs may be necessary — these are analogous 
to the high-performance coils required on some modern cars. Coil ignition is 
seldom employed. Although it has many advantages, one serious objection is 
iie fact that it requires a dynamo and battery. (It should be noted that whilst an 
automobile if worked very hard may do some 2,000 hours running a year, a 
gas engine may be called upon to operate for three times this figure.) 

Provision should be miide for advancing the ignition as required by the load 
on the engine. In the case of the National high-compression engine this is done 
automatically by the governor. The importance of this point is not always 
appreciated, but it will be found that if the ignition be kept as advanced as the 
engine will stand without distress, a considerable annual saving of fuel will 
result. 

Construction 

The construction of gas engines is similar to that of oil engines of the same 
size, and, in fact, the components 'ire frequently interchangeable. The same 
cranks and connecting rods are used, so that there need be no tear that the 
bearings will suffer from the pressures caused by operating at a high-com- 
pression ratio. Crankcases and beds are identical, the necessary pads for 
carrying both gas- and i>J-engine components being carried on the pattern. 
Starting is by compressed air in the larger sizes, by electric or air motor in the 
smaller engines, and by hand;n the case of very small engines. 

Built-in “Streamline” oil filters, water-cooled main bearings, individual 
cylinder liner lubricator^, and positive crankcase ventilation are all features of 
the modern gas engine, as in the case of the contemporary oil engine. The 
absence of fuel-oil leaks and considerably quieter running are the only strikingly 
noticeable differences between a gas-engined and an oil-engined station. 

THE NORMALLY ASPIRATED DUAL-FUEL ENGINE 

The basic difference betv.een this type of engine and the spark-ignition 
engine is in the means employed to ignite the charge. The dual-fuel engine always 
employs “high compression” (up to 15 to 1), and this is sufficient to ignite a 
small spray of oil injected into the gas-air charge. (It is not generally realised, 
but the self-ignition temperature of diesel oil or gas oil is considerably less than 
that of even the most inflammable of the gases.) 

E.W.P. IV—'* 
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The burning spray of oil, after a slight delay, ignites the main charge of 
gas, and combustion proceeds as in the “straight” gas engine. The shape of the 
combustion chamber is, of course, of some importance, and considerable 
experiment is necessary to develop the correct profile of piston and cylinder 
herd. Generally, “open”-type oil-engine combustion chambers will be found 
suitable for running on gas in this way, but precombustion chambers or similar 
types are not. The same remarks apply to “instantly convertible” engines. If 
anything, spark-ignition high-compression engines are even more critical as to 
shape of combustion chamber. 

Fuel-oil Consumption 

The quantity of oil required for ignition is small, and, in fact, is not sufficient 
to run the engine on no load, even at a reduced speed. The usual way of 
expressing the quantity of oil is to take the heating value of the amount of oil 
consumed per hour and to express that as a percentage of the heating value of 
the total fuel, oil and gas, consumed per hour at the rated full load of the engine. 

For example, a 10-B.H.P. engine may use 59,000 B.Th.L. of gas per hour at 
full load, and require 0-33 lb. per hour, say 6,000 B.Th.U. of oil for ignition 
purposes. Thus, the total fuel per hour is 65,000 B.Th.U. at full load, and the 
proportion of oil is 6,000 to 65,000, say 9*23 per cent. This amount of oil is 
found by nearly all manufacturers to give the most economical overall fuel 
consumption, and although ignition can be initiated by much smaller quantities, 
the weight of oil per hour would remain constant at this figure at all loads on 
the engine. 

Governing 

As full compression is required to ensure the ignition of the pilot-oil charge, 
it is clear that governing by throttling both gas and air cannot be used. It is 
found, however, that even though the gas only be controlled, and the air valve 
be left full open at all loads, ignition of the very weak mixture which will 
result at low loads is still quite eflective — probably due to the comparatively 
large surface of the igniting flame. At light loads,- the mixture being very weak, 
the engine will be found rather less efficient than a high-compression gas engine 
having quantity governing and spark ignition. At half to full load, however, the 
improvement over the conventional gas engine is most marked. Misfiring at 
light loads is comparatively rare. There appears to be little or no objection to 
shght throttling of the air at light loads, provided coinpression temperature is 
maintained at a figure higher than the spontaneous ignition temperature of the 
fuel oil, and a partial closing of the main air cock would assist in'^ curing any 
misfiring if prolonged running at light loads is necessary. 

As mentioned above, the amount of oil used for ignition when aiming at 
maximum total economy lies between 8 and 12 per cent. If, however, there is a 
serious shortage of oil, this proportion may be reduced to 5 per cent., and, in 
extreme cases, to 3J per cent. In the latter case some misfiring at low loads may 
be experienced. 
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On the other hand, the engine may be used as a “mixed-fuel” engine, and 
the proportion of oil increased to make up for, say, a temporary deficiency of 
gas. As the gas supply falls off, the oil supply is gradually increased by the 
operation of the special governor gear until, in the limit, the engine is running 
as an oil engine. In practice, it should be stated, the engine is best turned over to 
full oil as soon as the proportion of gas falls below one-half of the total fuel 
input to the engine. 

Gas Governor Gear , 

• 

In the National range of dual-fuel engines, those above 6-in. cylinder bore 
have inlet pipes and gas governor gear identical to that fitted on normal gas 
engines, with the exception that the throttle in the air passage is removed and 
the engine is governed by throttling the gas supply only. The change over from 
one gas to another, or from either gas to oil alone can, of course, be carried out 
without shutting down or reducing load. Smaller types of dual-fuel engine 
employ, as mentioned already, a simple gas-mixing valve; as before, only the 
gas supply is governed, and the mixture is distributed to the cylinders by a simple 
undivided manifold. 

Fuel Pumps and Sprayers 

If the engine is required to operate mainly as a gas engine, i.e. if the fuel-oil 
percentage is unlikely to rise above about 15 per cent., it is desirable to use 
special sprayer nozzles and pumps, so proportioned as to size and capacity as 
to give the most efficient igniting spray when passing this relatively small 
quantity of oil. In such a case, if an emergency arises in which gas i*' not available, 
a shut down of, perhaps, a couple of hours will be necessary in order to change 
the pump elements and sprayer nozzles. 

When it is known that engines will be required to operate either as mixed- 
fuel engines or as oil engines with any frequency, then the fuel pumps and 
sprayers are designed for normal oil-engine operation. Under these circum- 
stances, it may be found that the nozzles will require cleaning a little more 
frequently than i> normal for an oil engine, but the trouble is neither serious 
nor universal. * 


jGAS-INJECTION ENGINES 

The low-pressufe gas-injection engine, known as the “Errcn” engine, is now 
only seldom ustd. It was the forerunner to the radial engine described below. 
The designer of thi^ cnru-.c was concerned with the conversion of vehicle 
engines to gas operation, and, as such conversion can now be carried out by 
much simpler means, it is unlikely that it will again be used for this purpose. 
The only advantage which might justify the “Erren” conversion is the fact that, 
owing to the supercharging effect, the power output on gas is as great or greater 
than the output on oil or petrol. 
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Fig. 3 . — Dugrammatic arrangement of Nordberg gas-oil 
INJECIION gear 


Nordberg Radial 
Engine 

The radial engine 
mentioned on page 
90 is a two-stroke 
type, having eleven 
cylinders of 14 in. 
bore by 16 in. stroke. 
The output, on nat- 
ural gas, is l,125kW., 
say 1,650 of 

this figure, 125kW. 
(100 h.p.) is alternat- 
ing current required 
to drive the scavenge 
blowers, cooling 
water pumps, and so 
on. The engine is of 
the loop scavenge 
type, and gas is sup- 
plied to the cylinder 
at a pressure of 
about 6 lb. per 
square inch. The 
injection valve is 
mechanically oper- 
ated and is mounted 
in a cage in the 
cylinder wall. The 
construction of the 
engine, apart from 
the lower compres- 


sion ratio, is almost identical with that of the Nordberg radial oil engine. 
It should be noted that this engine is a /ow-compression type with spark 


ignition, whilst the “Erren” engine was, of course, of high-compression ratio. 
No gas compressor is required, as the gas is obtained frpm the field at a pressure 
of 400 lb. per square inch. ^ 


The ‘‘Gas-blast” Injection Engine 

This engine, developed by the Nordberg Manufacturing Company of 
America, was designed in the first instance 4o use a rich natural gas of over 
1,000 B.Th.U. per cubic foot found in the Texas oilfields and elsewhere. So far 
it has only been built in sizes over 1,200 h.p. 

It operates on the two-stroke cycle and is scavenged in the usual way. When 
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running as an oil engine it is a solid-injection type, using the C. A. V. -Limited 
injection system. To change over to gas, the engine must be shut down, the 
main fuel pumps disconnected from their sprayers and used as servo-pumps to 
operate the gas-injection valves in the cylinder heads. Smaller C.A.V.-Limited 
pumps are then brought into service to supply the pilot-oil for ignition. 

Injection Gear 

The injection valves are, in principle, similar to those employed on air-blast 
injection diesel engines, except that in this case fhe oil is injected and atomised 
by means of a spray of gas in place of air. Compression of the gas, to about 
1,100 lb. per square inch, is effected in a compressor mounted at the free end 
of the engine, and here again the compressor is very similar to that used on air- 
blast diesel engines, and is roughly the same size. The arrangement of the 
injection gear is shown in Fig. 3, and it should be mentioned that earlier types 
required the oil pipe to ^le actuator to be cooled, but this has been omitted in 
later models. 

Ihe engine resembles, both in appearance and construction, a large marine 
or stationary oil engine, and the design of the working parts, as in the smaller 
National type, is identical with that of the oil engine. 

Performance 

The performance of the gas-blast injection engine is ver>' good at light loads. 
This is probably due to the fact that the gas, ignition oil, and air are very 
intimately mixed by the injection spray, and that, in spite of the overall weakness 
of the mixture, when considering the cylinder as a whole, it closely approaches 
theoretical proportions in the zone of combustion. These engines have been 
installed in units of many thousands of horse-power, and have given years of 
satisfactory service. It vvill be realised that such a simple expedient of using a 
blast-air compressor to provide injection gas can only be employed on fuels 
having a high heating value* such as natural gas or pure methane. The size of 
compressor that would be required, to say nothing of the injector, for even 
town’s or coke-oven gas would be such that an independent compressor would 
be required and some other arrangement might have to be made to accom- 
modate the injector. The design of such an engine to use, say, blast-furnace gas 
is just possible on paper, but many serious problems would have to be over- 
come. In its own €eld< however, the Nordberg engine undoubtedly holds a 
unique position. 


PERFORMANCE OF VARIOUS TYPES 

In making comparisons of performances of representative engines, careful 
note should be made of (a) the speeds and cylinder sizes of the units, and (b) the 
maximum output, expressed in pounds per square inch B.M.E.P. in each case. 
A comparison of performances is shown in Table I, on page 98. 
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TABLE I.— COMPARISON OF PERFORMANCE OF PRIME MOVERS 


Overall Efficiency , Specific 


Type of Prime Mover 

1 Thermal 
: Efficiency 
{per cent.) 

j 

Full Load 
( per cent.) 

Half load \ 
{per cent.) 

lb. per 
quare 
, nch) 

C.l. oil engine 

. 37 0 (39-8) 

__ 

— 

90 

Gas engine (ratio 6 to 1) . 

. 26-8 (30) 

220 

• 17 1 

60 

Gas engine (ratio 13 to 1) 

• . 36-5 (38-1) 

29-0 

24 

85 

Dual-fuel engine 

. 36-5 (40-2) 

290 

21 

80 

Steam Turbine* 

. 230 

18-6 

16 : 



♦ 1,000 kVA. steam at 250 lb. per square inch and 700 F. 

Overall efficiency includes boiler or producer efficiency. 

All figures arc based on lower heating value of the fuel, and those in biackets represeni 
tesf-bed results, whilst others are average station results. 


THE FUTURE OF THE GAS ENGINE 

All piston engines are to-day overshadowed by the rapid development of the 
combustion turbine, but it can safely be said that it will be some years before 
this machine approaches even the steam turbine in efficiency. It is extremely 
unlikely that the overall efficiency of the combustion turbine will approach that 
of even the conventional gas engine for years, especially in small units 
(up to 1,500 B.H.P.). Below about 5,000 B.H.P. the space occupied is less than 
the combustion turbine, and much less than that occupied by some of the more 
recent proposals. Compared with the oil engine, the latter stands or falls on the 
availability of refined oil at a reasonable cost. Normal consumption of liquid 
fuel is very high, and is increasing, as are fuel-oil costs. The consumption of the 
world’s oil has been greatly accelerated by war, and at the same time many 
sources have been damaged or destroyed. The modern gas engine offers an 
alternative prime mover, which in many cases can use “waste” gases. If present 
experiments on the underground distillation of Idw-grade coal “in the seam” 
are successful, a very strong case for gas-engine installations of large power at 
the pit head can be put forward. There is at least one gas-engine station in the 
U.S.A. with 200,000 B.H.P, of installed plant and several of 50,000 to 100,000 
B.H.P. These use natural gas. 

In other circumstances, almost any hydrocarbon can be qsed to produce gas. 
.The dual-fuel engine has solved the main disadvantage of the “suction” pro- 
ducer, i. 9 . lighting up. With this type of engine, the initial start can be made 
on oil, and the pipes so arranged that the engine can itself produce the 
draught necessary to blow up the fire. As soon as gas is made in sufficient 
quantity and quality, the engine can be turned over without any dropping of 
load. 


T. D. W. 



GAS PRODUCERS 

T he fuels that can be used in a gas producer are legion. It may be of in- 
terest to mention some of the more unusuaj. Gas can be and is made from 
the waste products of timber, such as bark, twigs, and shavings, that are 
found in lumber camps and sawmills ; from dry grass and leaves ; from all sorts of 
nutshells; cotton pods, tea prunings, and rice husks are frequently used in the 
East ; whilst as a final resort, dry winescum and animal dung have been employed. 
Naturally, the majority of operators 'prefer to use wood, charcoal, coke, or coal, 
but these other less-orthodox fuels may awaken the imagination to the possi- 
bilities, especially as moft of these fuels are self-replacing. In many cases, of 
course, town’s or coke-oven gas is available ; the use of waste gas, such as sewage 
gas, blast-furnace gas, and oil-refinery w^sle gas has already been referred to. 

Gas, as a fueh is as cheap as, if not cheaper than, viil. For small units, the 
process “coal-producer-gas engine-generator bus-bars” is frequently cheaper 
than purchased electricity. Engine for engine, the modern gas engine is the equal 
of the oil engine in most respects, and it is superior to many. Modern develop- 
ments have made the gas engine again a serious competitor in the field of 
individual prime movcis, and even for large stations. 

The type of gas producer chiefly in use for small and medium powers is 
known as the suction type, and is generally on the up-draught principle, 
though some types of down-draught producers are used for special purposes. 
Forced-draught producers, or pressure producers, are usually employed for 
large powers or for th" production of gas for heating or process work. 
Occasionally suction-type producers arc operated by an exhausting fan in- 
stead of the suction of an engine, the gas then being used for other than 
power purposes. 

General Method*of Operation 

The operation of a producer consists in drawing or forcing through a bed 
of incandescent fuel a m.ixture of air and water vapour or steam. The steam is 
produced generally, by the v aste heat of the gas, but in some cases a small 
boiler or evaporator forms the top of the producer. The air supply to the fire 
is drawn through this evaporator and takes up steam on its way, the mixture 
of air and steam then being taken up through the fire. 

Anthracite Fuel 

In the majority of the suction-gas producers used with engines, the fuel is 
anthracite in the form of small beans, a trade term for pieces of coal measuring 
about J in. by i in., and having a calorific value of 13,000-14,500 B.Th.U.s per 
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lb. The gas evolved has a calorific value of about 145 B.Th.U.s per cubic foot 
and a composition approximately as follows: H, 15-5; CH 4 , 2-15; CO, 22-2; 
N, 54; CO 2 , 5*1 ; 0, 0*7. Such a gas used in a gas engine requires about an 
equal volume of air for combustion, and this air is added at the engine. 

Suction-gas Producer 

One of the simplest types of suction-gas producers is shown in Fig. 1 . 

The water evaporator will be seen forming the top of the producer, a flat 
annular chamber, the coal shoot passing through the centre of it. A drip of 
water is allowed to fall into a cup which communicates with the vaporiser, and 
an overflow pipe from the vaporiser takes any surplus water ddwn to the ashpit 
under the fire. 

Air enters at the elbow seen on top of the vaporiser and, passing round the 
vaporiser, picks up steam, and the combined air and steam pass down the pipe 
at the side to the ashpan. The cock in this pipe is to prevent the blast from the 
fan being lost by passing up to the vaporiser when the fire is being blown up, 
the cock being shut off during the process. 

Scrubber 

The gas from the producer passes out at the large branch seen on the right 
and down to the bottom of the scrubber. The scrubber is filled with cok®, in 
two or more divisions- Water is sprayed over the coke from a perforated pipe 
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Fig. 2.™ Open-hearth gas producer 
Note the two grates or trays below the producer. The : alomatic 
water-supply device is shown on lop of the vaporiser. Note waste cock 
for standing. The suction fan is not shown. {Crossley Bros,^ Ltd) 

and runs down through the coke while the gas is passing up, and the gas is 
thoroughly cooled and scrubbed clean from all dust or deposits. 

Testing Quality of Gas 

When the fire is being blown up, a cock on the gas pipe is opened and the 
gas is allowed tb escape into the air. A test cock is usually fitted, and the quality 
of the gas is tested as the blowing proceeds by lighting the gas and noting the 
colour of the flame. 

Drawing up Fire by Suction 

In some producers the fire is drawn up by a suction fan, this having the 
advantage of drawii^g stean through the fire and giving a gas of better quality 
for starting than when the fire is blown up. 

In many types of producers the sensible heat of the gas is made use of to 
evaporate the water, the down pipe from the producer to the scrubber is 
jacketed, and water is fed to the jacket and afterwards passes into the vaporiser 
on top of the scrubber, a better supply of steam thus being obtained, 

E.W.P. IV- -4* 
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OPERATING NOTES 

The method of working suction-gas producers is practically the same for all 
types, and is a very simple process. 

Starting up 

It will be assumed that a new plant is being started up after having been 
erected, or a used plant being put into service after standing for a long period. 

Filling Scrubber with Coke 

The first thing to be done is to prepare the scrubber. This is generally 
divided into two sections. The doors having been removed, broken coke is 
placed in the top division. The pieces should be about the size of an egg and 
should be well riddled to get rid of all dust before being put in the scrubber, 
and it is a good plan to well wash the coke, after it is riddled, with a hose, 
turning the heap over with a shovel so that all the coke is exposed to the water. 
It can be put in wet. • 

The lower part of the scrubber is filled with larger pieces of coke, about the 
size of half a brick, and these, too, should be riddled free from dust and washed. 

The coke should not entirely fill the spaces ; a few inches should be left from 
the top of the coke to the spray pipe and the perforated plate. 

Making the Door Joints 

The door joints should be carefully made. A sheet-rubber-insertion Joint is 
best, as there is no heat to vulcanise it or make it stick and it will stand remaking 
many times. There is no internal pressure ; any leakage would be of air inwards. 
Scrubbers are made of sheet steel, and the door-joint surfaces are often not 
of the best. In some cases they arc not machined, so a soft material like rubber 
makes a better joint than sheet asbestos or one of the vulcanised asbestos 
rubber jointings. 

Fill the Sump 

When the joints are made, turn the water on to the top of the scrubber and 
see that tiie sump or trap under the vaporiser fills up, then turn, the water off. 

Run Water into Vaporiser 

If the plant has a vaporiser on the producer, turn the water on to the drip 
supply and allow water to run into the vaporiser until it^overflows into the 
. cup leading down into the ashpan. 

If the plant has a separate vaporiser, this should be filled ; a tap is usually 
fitted on the last chamber to show when the water has filled to the correct level. 

Lighting the Fire 

The producer should be quite free of fuel or ash. If of the closed-grate 
type (Fig. 1), both the lower doors are opened and the slide and cover of1he 
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fuel hopper. A handful of oily waste or some shavings are placed on the 
firebars and then some sticks of wood broken into fairly short lengths. The 
cock on the escape pipe should be opened, and the cock on the vapour pipe 
above the fan closed to prevent the blast from the fan entering the vaporiser 
instead of passing up through the fire. The fuel slide should be closed and a 
small charge of fuel placed in the hopper. The fire should now be lighted, and 
the door on the fire chamber closed, the ashpit door being kept open for a 
few seconds to allow the fire to draw up. 

Building up the Fire* 

Once it has got hold, the ashpit door should be closed and the fan worked 
very gently. When the sound indicates that the wood is well alight the fuel 
slide should be drawn and a small quantity of fuel fed in. Blowing is continued 
and more fuel fed. Too much fuel should not be added until a good bright bed 
of fire is built up. The temperature of the vaporiser should be noted with the 
hand and blowing contigued until steam is seen to emerge at the air elbow on 
the cover of the vaporiser, see Fig. 1. More fuel should now be added and 
blowing continued. 

Testing Quality of Fuel 

On the escape pipe just below the shut-off cock, a test cock is generally 
fitted (Fig. 1). ':'his is opened and the quality of the gas is tested with a light. 
When the gas burns freely with an orange or mauve colour, the producer is 
ready for work. 

Most of the troubles of difficult starting are due to trying to start the 
engine with the producer too cola, or the gas too poor in quality to burn. The 
flame from the test cock should be a solid cone of flame. If it has a long interior 
cone of what looks like smoke, the producer is not hot enough, or there is 
little or no hydrogen in the gas, a trouble to which closed-hearth producers 
are prone at starting. A little water should be turned on at the supply to the 
vaporiser and allowed to run mto the ashpan »rom the overflow. The fan should 
again be operated and gas tested at the cock. 

When the right quality gas is obtained, it should be impossible to blow out 
the flame at thi test cock no matter how hard the fan is operated. 

Getting ready to start the Engine 

When ready to start the engine, close the test cock, also the waste cock. 
Adjust the water Supply to the vaporiser so that a steady drip occurs at the 
overflow. The ^est cock on the gas main just below the engine gas cock should 
be opened, and the^ fan Inown until gas emerges. This clears the air out of 
the gas main. The gas can again be tested for quality if desired. The cock on 
the vapour pipe above the fan is now opened, which allows the air drawn in 
at the elbow on the vaporiser to pass down to the ashpan, and the plant is 
ready for work. 
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OPERATING NOTES 

The method of working suction-gas producers is practically the same for all 
types, and is a very simple process. 

Starting up 

It will be assumed that a new plant is being started up after having been 
erected, or a used plant being put into service after standing for a long period. 

Filling Scrubber with Coke 

The first thing to be done is to prepare the scrubber. This is generally 
divided into two sections. The doors having been removed, broken coke is 
placed in the top division. The pieces should be about the size of an egg and 
should be well riddled to get rid of all dust before being put in the scrubber, 
and it is a good plan to well wash the coke, after it is riddled, with a hose, 
turning the heap over with a shovel so that all the coke is exposed to the water. 
It can be put in wet. • 

The lower part of the scrubber is filled with larger pieces of coke, about the 
size of half a brick, and these, too, should be riddled free from dust and washed. 

The coke should not entirely fill the spaces ; a few inches should be left from 
the top of the coke to the spray pipe and the perforated plate. 

Making the Door Joints 

The door joints should be carefully made. A sheet-rubber-insertion Joint is 
best, as there is no heat to vulcanise it or make it stick and it will stand remaking 
many times. There is no internal pressure ; any leakage would be of air inwards. 
Scrubbers are made of sheet steel, and the door-joint surfaces are often not 
of the best. In some cases they arc not machined, so a soft material like rubber 
makes a better joint than sheet asbestos or one of the vulcanised asbestos 
rubber jointings. 

Fill the Sump 

When the joints are made, turn the water on to the top of the scrubber and 
see that tiie sump or trap under the vaporiser fills up, then turn, the water off. 

Run Water into Vaporiser 

If the plant has a vaporiser on the producer, turn the water on to the drip 
supply and allow water to run into the vaporiser until it^overflows into the 
. cup leading down into the ashpan. 

If the plant has a separate vaporiser, this should be filled ; a tap is usually 
fitted on the last chamber to show when the water has filled to the correct level. 

Lighting the Fire 

The producer should be quite free of fuel or ash. If of the closed-grate 
type (Fig. 1), both the lower doors are opened and the slide and cover of1he 
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Consideration must be given to the required speed, bearing in mind that the 
slower the speed of the motor for its power, the larger the frame 8i2e, the 
greater the cost, and probably the longer delivery. Speed may be fixed, and this 
is the least expensive type; if it is to be varied, the motor manufacturer will 
wish to know the speed range as well as a quantity of information detailed in a 
later paragraph. 

Preparing to Place the Order 

Of course, the iifttallation of one or more new motors involves rather more 
than placing the order for the motor alone. A range of other equipment will be 
required before complete installation can be carried out: switch, fuses, or 
circuit breakers, a starter, and perhaps speed control ; instruments, a switch- 
board or steel structure on which the foregoing equipment can be mounted- 
all these are included in the electrical requirements, quite apart from the cables 
and cable accessories to connect the motor to the main supply and sometimes 
an aaditional panel for ftie main switchboard. 

If the general factory supply is not exactly as required by the new motor, a 
transformer, or a rectifier, or a motor genciator may be required. 

When all these points have been considered and decided, all the orders 
should be placed as early as possible ; every effort must be made to obviate the 
possibility of th; motor arriving ready for immediate installation, without 
everything else required being ready on the spot, including preparation of the 
foundations, cables run, and switch-gear connected up. 

Specification of Requirements 

The motor is the most complex of the equipment to be ordered, and may be 
considered first. Most firms who make motors will have a standard range of 
sizes, and the required h.p. and speed may fall between two of these sizes ; if so, 
the next size above may be used, running at slightly reduced efficiency, and 
available of course for increased load should that become necessary at a later 
date; or alternatively the size below should be chosen on the assumption that 
the required load may be intermittent or may not always reach motor full load ; 
or again, whetKer a specified overload may be permitted for a specified time. 

Information Required by Motor Makers 

Almost any list shqwiiig the range of electric motors available will provide 
a schedule of the information required by the makers of the motor before they 
can quote. Some of it mav already be known to them ; for example, they are 
bound to be aware of the local supply voltage, and whether it is A.C. or D.C., 
of standard frequency or not, and whether single-phase or three-phase. 

It might be thought that the h.p. comes next; but for a given h.p. the “frame 
size” may vary according to continuous or intermittent running, a load factor 
if the load is varying, and speed variation if necessary; all these and even 
the power factor may have to be considered before a decision on the frame 
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Fig. 2.--100-H.P. motor installed on brick and concrete pier 
The motor is driving a line shaft in a brick works through a rubber V-belt. 

* (The British Thomson-Houston Co., Ltd,) 

size can be made. If there is any possibility of an overload, this also should be 
stated. 

The higher the speed, the smaller the frame; it might even pay to run at a 
high speed and reduce the required speed on the output shaft by means of gear- 
ing, or geared down-drive by belt, ropes, or chain. Variation in speed required 
should invariably be stated, as this affects the type of motor most suitable for 
the work ; and if there is no variation required, this also should be stated, as a 
less expensive motor will be suitable. 
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The makers the motors will require full information in regard to the 
purpose to which the motor is to be applied and the general conditions under 
which it will operate. The leading makers of electric motors issue leaflets in which 
they ask an enquirer to state the atmospheric conditions, and to supply informa- 
tion in regard to variation of voltage and possible voltage drop due to long 
cable runs, together with information on starting, load, type of drive, and any 
other speed requirements. 

Atmospheric Conditions 

Dealing first with the atmospheric and other surrounding conditions, a 
motor for use in a mine, gas works, or chemical industry, petrol stations or even 
a flour mill may have to be of the totally enclosed type, and possibly flame- 
proof as well ; motors for damp situations, or out of doors, would have to be 
weatherproof, or dripproof, and even in a dry atmosphere, such as that of a 
flour mill or chemical works, a dustproof enclosure may be necessary. The 
standard range of enclosures is open type, protected (as by an expanded metal 
screen), dripproof, totally enclosed, and flameproof. 

The latter types may require special a\r cooling in order to keep the tempera- 
ture down despite the total enclosure; whe»*e there is no risk of gas or dust 
explosion, a fan may be mounted on the rotor shaft, and this type of motor is 
styled “fan cooled.” Where the motor is to be flameproof, and have no con- 
nection wj’th the outer air, cooling may be by means of a flow of ventilating air 
brought to the m -tor from a safe source of supply by means of a pipe, and the 
motor is then styled ‘ pipe cooled.” 

The maker would also like to know, for any motor which is not running 
continuously throughout an eight-hour day, the frequency of staiting, how often 
reversing is necessary, and whether there are special conditions at starting 
requiring a long running up period, a high starting current, or powerful torque. 

There remain only those mechanical conditions affecting the frame rather 
than the electrical part of (he motor. Most motors have a horizontal shaft, and 
the maker will want to know the direction oi rotation required, and whether the 
shaft is to be extended at each end ; for certain special conditions, a motor with 
a vertical shafv may be the most suitable, driving direct or through a gear. 

General Arrangement and Installation Plans 

It has been assumed that all the orders will have been placed on the basis 
of the longest delivery, which might be the motor, or perhaps the electronic 
control gear, where this is used. Long before delivery takes place with anything 
but small stock-size moto-s the maker of the equipment will be able to supply 
general arrangement blue prints and insiallation plans. These will indicate, not 
only the floor space to be taken up by the main items, but the suggested relation- 
ship of starters and control panels to the position in which the operator stands 
or sits. 

The installation drawing will provide bedplate or other fixing details ; but 
it will be for the mechanical engineer to ensure that when the equipment is 
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Fig. 3.— Large-ratio drive at short centres with 

JOCKEY PULLEY 

The jockey pulley tightens the belt round the pulley 
and increases the arc of contact. The drive is capable 
of 150 h.p. and a belt speed of S/lOO ft. per minute. 
The balata 6-ply belt is 16 in. wide. 


fixed in ‘position, perhaps 
close to other equipment or 
machine tools, it is still pos- 
sible for crane or hoist to lift 
out any parts of the electrical 
equipment. That is, the high- 
est point of the equipment 
should not be so close to 
any ro^of structure that 
block and tackle cannot be 
arranged to lift off for ex- 
ample the top half of the 
stator, or if necessary the 
whole motor. 

On larger machines it 
maf be necessary in emer- 
gency to lift out the rotor ; 
and this involves, not only 
the necessary head room 
for hfting equipment, but 
if the stator is in one 
piece, the rotor will require 
room at the end to be 
moved out before hoisting 
begins. 

The general arrangement 
and installation drawings 
will also show how the drive 
of the motor is to be applied 
to its work; it may be by 
the ordinary pulley to line- 
shaft, and if the pulley is 
a large one, or the shaft ex- 
tension is considerable, a 


third bearing styled a “ped- 
estal ’ bearing maybe necessary ; or the motor may be direct-coupled to its load. 


Preparation for Installation 

Once, the site has been decided upon, and a local layout plan prepared to 
show the relation of the motor and machine to the switches, starter, and other 
control equipment, some further preparation can be carried out which will save 
time after the motor has been delivered. 

For example, if the starter and switchgear, less expensive equipment than 
the motor and therefore of shorter delivery, have been delivered, they can ^ be 
Installed; the conduit can be coupled up as far as the switchgear and starter, 
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and insulation and* continuity tests made to ensure that the cable runs up to 
that point are satisfactory. 

The conduit may even be run up to the point at which it will emerge from 
the concrete floor f6r connection to the motor, provided that the exact details 
of the motor terminal box are known ; if there is any doubt, this part of the work 
should not be finished off until the motor arrives. 

After the Motor is Received 

When the motor Js received and unwrapped^ it is thoroughly wiped down 
and cleaned ; and a careful examination must be made to ensure that there has 
been no damage in transit (which should be notified to the makers) and that no 
parts have been loosened or detached during transit : this examination should 
include a check that the name-plate corresponds to the order. The shipping 
notices should be carefully retained; makers like to know the number of the 
workshop order to which the machine has been built in case of any query as 
regards condition, or for^se when ordering spare parts. If this is mislaid, they 
will still be able to identify the motor from the serial number stamped on the 
nameplate. 

Testing Insulation Resistances 

Thz insulation test should then be made ; this will show whether drying out 
in a warm place is necessary. The insulation resistances in megohms measured 
between any terminal and the fran e, with the machine cool, should not be 
less than : 

rated voltage 
1000 , • rated B.H.jp. 

The time to dry out may take one or several days, and in either case the 
warming should be continuous, with frequent and regular tests of insulation 
resistances and temperature. The temperature should not exceed 80'" C., and 
should not be allowed to fall unduly, in case moisture should be reabsorbed. 

Redistribution of moisture causes the in‘ ulation resistance to fall until a 
minimum value is reached ; it may then remain constant lor a period of hours 

or days before beginning to rise to its maximum and final value. 

• 

Methods of Drying Out 

The simplest method of drying out is to place the machine in a situation 
where the atmosphere is dry, free from dust, and warm, with a temperature not 
exceeding 80® C. (k76®^F.j. This method may be improved by boxing in the 
motor and circidaling hot air through it. The air must be thoroughly dried 
before heating by passing through a filter or drying chamber of dry, clean 
lime, or calcium chloride, and should be distributed by means of baffles to 
ensure equal distribution and equal temperature inside the box. 

In many cases it will be difficult to find such a situation, and in these in- 
stances carbon lamps or heaters may be placed both around and inside the 
motor. Great care should be taken to see that winding temperatures in the 
vicinity of the heaters do not attain a dangerously high level. 
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Where skilled personnel and appropriate means are available, the usual and 
best way to dry out a motor is to block the rotor so that it cannot turn round, 
and apply a very low voltage, about 10 per cent, of normal, to the stator terminals. 
In the case of slipring motors, the rotor windings must be shortcircuited. In 
this case the heating current must be switched off from time to time to enable 
the insulation resistance to be measured, but if the machine is not thoroughly 
dry, it should be switched on again immediately. 

Close supervision is necessary during the process of drying out with electric 
current. The heat generated jn the windings is not easily dissipated, and one 
part of the winding may be exceedingly hot before another part has had time to 
expel the moisture. This can be obviated to some extent by taking every pre- 
caution to exclude draughts from the exposed parts of the windings. It may even 
be necessary to cover such parts of the windings with wrappings. 

Lubrication of Bearings 

With ball or roller bearings, it is certain that complete lubrication will have 
been provided by the makers; instructions given with the machine will state 
the type of grease or oil to be used for replenishment. If the bearings are of 
sleeve type, these will require to be filled up with the oil recommended in the 
maker’s instruction. When this is being done, it is usual to turn the rotor by 
hand, if possible, to ensure that the oil rings are revolving freely and actually 
bringing the oil up. 

Storing of Motor 

The motor is now ready for installation ; but supposing that it is not to be 
used almost immediately, it may be desirable to store it in a warm room where 
it could not possibly absorb moisture again. This will obviate damage or dust 
which may result from the motor being erected and left installed in a building 
which may either be under construction or in process of alteration. 

Foundation Work 

When mounting at floor level, the machine and bedplate, or slide rails, 
should be securely bolted on a solid and level foundation. Concrete or solid 
masonry is the most desirable bed, and all foundation plates and rag bolts 
should be securely grouted in. 

When making a concrete foundation the excavation should be carried well 
down. The depth of foundation depends upon the nature of the ground, but 
assuming average solid ground which has been well rammed, both below and 
around* the excavation, the following depths are figures for average drives. 
Generally, motors above 100 h.p. require to be considered with their individual 
drives ; 

10-25 h.p. . . . 6-8 in. deep. 

25-50 h.p. . . , 8-10 in. deep. 

50-75 h.p. . . 10-15 in. deep. ^ 

75-100 h.p. , . , 15-24 in. deep. 
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Round the edge;s of the excavation and at floor level a wooden mould should 
be erected to shape the plinth. Any cable ductings or pipelines should also be 
provided for at this stage by the insertion of suitable wooden moulds. Attention 
should be paid to the filing of the foundation bolts : they may either be fixed in 
position and the concrete cast round them or holes may be left in the concrete 
base and the bolts afterwards grouted in. The latter is the more common method. 

A good foundation cement consists of 1 part cement, 2 parts sharp sand, 
4 parts broken stone. 

The parts should be thoroughly mixed whil^ dry, water then being slowly 
added through a “rose” until the stones are well coated with the cement and 
sand. The mould should be filled with the mixture and well rammed down. 
When the concrete has set, the wooden mouldings should be removed, and if 
necessary any small defects and holes patched up. 

Levelling and Grouting of Bedplates 

It is important that a41 bedplates, whether for individual motor units or for 
complete sets, should be properly levelled by means of steel wedges before being 
grouted in. 

In the case of individual units, the machine and its bedplate or side rails 
should be placed in position on the foundations, and lined up with reasonable 
accuracy with the driven or driving shaft. The baseplate or slide rails should be 
packed up between the bed and the concrete or masonry by steel wedges placed 
at intervals of 12 in or less along the bed, and the holding-down bolts, provision 
for which should have already been made, grouted in position. 

When the grouting mixture round these bolts has set hard, the baseplate 
with the motor in position should be levelled up and, if found to have warped 
since being machined, should be sprung level by means of the wedges. The 
foundation bolts should then be tightened down and the alignment again 
checked. Shaft alignment is dealt with later. 

Heavy Installations 

For heavy installations, such a.s large motor generator sets w^hich are mounted 
on complete be^pL.tcs, it is preferable to have a number of steel girders sunk 
into the foundations in order to reinforce the concrete, the number depending 
on the size and weight of the set. The uppermost flange should be machined and 
the girders laid across the base, projecting slightly above the level of the con- 
crete. Some of ihe^ird^rs >hould be positioned so as to lie under all the heavy- 
load points of the bedplates. 

A levelling process similar to that previously described should be adopted 
for these sets, with Steei wedges placed at intervals of 12 in. or less along the 
bed between the bedplate and the concrete, and between the bedplate and the 
girders. 

After the concrete foundations have been laid, it is advisable to leave the set 
for a period of days to allow for settling before the final checking and grouting 
in of the bedplate. 



110 INSTALLATION, OPERATION AND MAINTENANCE 

Where skilled personnel and appropriate means are available, the usual and 
best way to dry out a motor is to block the rotor so that it cannot turn round, 
and apply a very low voltage, about 10 per cent, of normal, to the stator terminals. 
In the case of slipring motors, the rotor windings must be shortcircuited. In 
this case the heating current must be switched off from time to time to enable 
the insulation resistance to be measured, but if the machine is not thoroughly 
dry, it should be switched on again immediately. 

Close supervision is necessary during the process of drying out with electric 
current. The heat generated jn the windings is not easily dissipated, and one 
part of the winding may be exceedingly hot before another part has had time to 
expel the moisture. This can be obviated to some extent by taking every pre- 
caution to exclude draughts from the exposed parts of the windings. It may even 
be necessary to cover such parts of the windings with wrappings. 

Lubrication of Bearings 

With ball or roller bearings, it is certain that complete lubrication will have 
been provided by the makers; instructions given with the machine will state 
the type of grease or oil to be used for replenishment. If the bearings are of 
sleeve type, these will require to be filled up with the oil recommended in the 
maker’s instruction. When this is being done, it is usual to turn the rotor by 
hand, if possible, to ensure that the oil rings are revolving freely and actually 
bringing the oil up. 

Storing of Motor 

The motor is now ready for installation ; but supposing that it is not to be 
used almost immediately, it may be desirable to store it in a warm room where 
it could not possibly absorb moisture again. This will obviate damage or dust 
which may result from the motor being erected and left installed in a building 
which may either be under construction or in process of alteration. 

Foundation Work 

When mounting at floor level, the machine and bedplate, or slide rails, 
should be securely bolted on a solid and level foundation. Concrete or solid 
masonry is the most desirable bed, and all foundation plates and rag bolts 
should be securely grouted in. 

When making a concrete foundation the excavation should be carried well 
down. The depth of foundation depends upon the nature of the ground, but 
assuming average solid ground which has been well rammed, both below and 
around* the excavation, the following depths are figures for average drives. 
Generally, motors above 100 h.p. require to be considered with their individual 
drives ; 

10-25 h.p. . . . 6-8 in. deep. 

25-50 h.p. . . , 8-10 in. deep. 

50-75 h.p. . . 10-15 in. deep. ^ 

75-100 h.p. , . , 15-24 in. deep. 
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Belt Drives 

When a belt is used, the joint in the belt should be smooth and flexible and 
the pulley should be well balanced. Vertical belt drives are to be avoided, and 
belt drives with very short centre distances cannot be considered good practice 
unless some form of idler or jockey pulley is employed to increase the arc of 
contact on the driving pulley, and to keep the belt tension at the correct value 
(see Figs. 3 and 5). Generally, in drives without idler or jockey pulleys, the 
pulley centres should not be less than four times the diameter of the larger pulley. 

Tables 1 and II g[ve the horse- 
power transmitted by single leather 
and balata belting respectively. 

For light double leather belts 
the figures given in Table 1 may 
be increased by 50 per cent, and 
for heavy double leather belts by 
80 per cent. , 

Belts should be chosen to carry 
100 percent, above normal motor 
rating for direct-started motors 
and 25 per cent, above for all other 
types of motors. 

Measuring Belt Length 

In fitting a belt, the length may 
be measured with a string or steel 
tape, or the following formula will 
serve to give approximate results 
where open belts are involved: 

(DA-d) 

Belt length -^3-1 4 — ^ + twice 

the distance between shaft centres, 
vdiere — 

D — Diameter of larger pulley. 
d = Diameter of smaller pulley. 

The belt should be sufficiently tight to carry the load without flapping on 
the slack side, as this is dangerous and also results in a noisy drive. On the 
other hand, excessive belt tension invites bearing trouble or shaft failure, and 
is responsible for uneven running and a short belt life. Sliding bases should be 
employed when a belt drive is used. 

Belt Speed 

It is impossible to give hard-and-fast rules as to the correct belt speed, as 
this is entirely dependent upon the load. A good average is 4,000 ft, per minute ; 
but this may be as low as 3,000 ft. per minute on a stone-crushing load and as 
high as 7,000 ft. per minute with a fan. 



Ficj. 5 . — The use of an idler pulley 

In short centre distance or large ratio belt 
drives, the use of an idler pulley will, very often, 
make an otherwise bad and troublesome drive 
perform satisfactorily Observe how the arc of 
contact on the motor pulley has been increased 
b;. nearly 30 per cent. 
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TABLE L 

-HORSE-POWER TRANSMITTED 

BY SINGLE LEATHER BELTING 

Velocity 

1 


Width of Belt (in.) 



(Jt. per 
minute) 

' ^ i 

4 

6 

i ' 

10 

12 

200 

0-60 

1-20 

1-80 

2-40 

3-00 

3-60 

300 

0-90 

1-80 

2-70 

3-60 

4-50 

5-40 

400 

1-22 

2-44 

3-66 

; 4-88 

6-10 

7-32 

500 

1 1-52 1 

3-04 

4-56 

6-08 

7-60 

9-12 

600 

1-82 ' 

3-64 

5-46 

1 7-28 

9-10 

10-92 

700 

2-12 

2-24 

6-36 

* 8-48 

10-60 

12-72 

800 

2-42 

4-84 

7-26 

! 9-68 

. 12-10 

14-52 

900 

i 2-72 

5-Vt 

8-16 

1 10-88 

13-60 

16-32 

1,000 

3-02 

6-04 

9-06 

12-08 

15-10 

18-12 

1,500 

; 4-54 

9-08 

13-62 

1 18-16 

22-70 

27-24 

2,000 

606 

12-12 

18-18 

1 24-24 

; 30-30 

36-36 

2,500 

7-58 

15-16 

22-74 

1 30-32 

, 37-90 

45-48 

3,000 

900 

1 18-00 

27-00 

36-00 

45-00 

54-00 

3,500 

9-80 

i 19-60 

29-40 

39-20 

49-00 

58-80 

4,000 

10-18 

1 20-36 

30-54 

' 40-72 

50-90 

61-08 

4,500 

, 10-14 

20-28 

30-42 

! 40-56 

50-70 

60-84 

5,000 

9-65 

19-28 

28-92 

1 38-56 

48-20 

57-84 

5,500 

8-95 

17-90 

26-85 

i 35-80 

44-75 

53-70 

{Metropolitan-Vickers Electrical Co., Ltd.) 


TABLE JL- HORSE-POWER TRANSMITTED PER INCH WIDTH OF BALATA 


Velocity \ 
{ft. per 
minute) 

3-ply 

4-ply 

5-ply 

BELTING 

6-ply ; 1-ply 

1 

S-ply 

9-ply 

\Q-ply 

500 

0-62 

0-83 

1-04 i 

1-26 

1-48 , 

1-65 

1-81 

1-97 

1,000 

1-25 

1 -66 

2-09 

2-50 

2-92 , 

3-33 

3-73 

4-13 

1,500 ! 

1-87 

2-50 

3-12 

3-75 

4-37 > 

5-00 

5-65 

6-30 

2,000 

2-50 

3-33 

4-16 1 

5-00 ! 

5-83 1 

6-66 

7-45 

8-25 

2,500 

3-12 

4-16 

5-20 ■ 

6-25 

7-29 1 

8-33 

9-35 

10-37 

3,000 1 

3-75 

5-00 

6-25 i 

7-50 

8-75 

10-00 

11-25 

12-50 

3,500 1 

4-37 

5-83 

7-28 

8-75 

10-20 : 

11-66 

13-03 

14-50 

4,000 

5-00 

6-66 

8-33 ; 

10-00 1 

11-66 

13-33 

14-97 

16-62 

4,500 

5-62 

7-50 

9-37 ' 

11-25 

13-12 

15-00 

16-87 

18-75 

5,000 1 

6-25 

8-36 

10-31 

12-51 

14-58 

16-66 

18-77 

20-89 

5,500 1 

6-88 

9-17 ' 

11-46 

, 13-76 

16-64' 

18-34 

20-64 

22-92 




' 

{Metropolitan- Vickers Electrical Co. 

.,Ltd.) 


TABLE llI.-~RELATION OF LEATHER BELT THICKNESS TO PULLEY DIAMETER 
Smallest Pulley Diameter . ! Up to 6 in. j 6-14 in. | 14-22 in. 

Type of belt . . j Single ] Light double Heavy double 

. {Metropolitan- Vickers Electrical Co., Ltd.) 


TABLE rv.— RELATION OF BALATA BELT THICKNESS TO PULLEY DIAMETER 


Belt piy , ‘ 1 ^ 

4 

5 

. 6 

7 

8 

9"! 

10 

Pulley diameter {in) 3 

4 

12 ' 

16 

18 

24 

30 

36 


{Metropolitan^ Vickers Electrical Co.^ Ltd,) 
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Fig. 6.— Aligning a belt 

DRIVE 

For true alignment be- 
tween the shafts the dis- 
tances C and D must be 
equal. Note that the 
measurement of C or /) 
must be made on a line at 
right angles to the motor 
shaft. The easiest way to 
ensure this is to measure 
along a straightedge which 
IS laid across the centfts 
of the foundation bolts of 
each slide-rail, i.e. bolts X 
and Y. In other words, 
the plumb bob, bolt 
and bolt Y must lie on a 
straight line. Distances A 
and B should of course be 
cuual, and this can be en- 
sured by using the lining- 
up method illustrated in 
Fig. 7. A steel lulc or tape 
should be used in taking 
measurements. 




Fig. T.—Using a uning-up 

CORD FOR aligning BELT, 

ROPE, CHAIN, OR GEAR DRIVE 

This shows a method of 
ensuring that measurement 
A is taken along line at right 
angles to the motor centre 
line. If the measured dis- 
tances A are the same, the 
shafts are in line. The cord 
(or wire) is stretched tightly 
between the motor founda- 
tions and supports some dis- 
tance beyond the line-shaft. 
The sketch shows a very 
convenient method of using 
the cord. 


LiNLSHAFT 
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Fig. 8.— Aligning pul- 
leys— cord METHOD 

The cord is stretched at 
right angles to one of the 
shafts and in a position 
a few inches from the 
edge of the pulley. The 
position of the second 
shaft and of the pulley 
upon it is then adjusted, 
so that the four dimen- 
sions shown arrowed are 
equal, and the pulleys are 
then truly aligned. 



With belt drives generally it is very necessary 
to ensure that the driving and driven shafts are 
parallel, and the driving side of a fast and loose 
pulley arrangement should always be next to 
the machine bearing. 


Shaft Alignment 

For correct alignment the two shafts should 
be parallel and the centres of the pulleys directly 
opposite. To check whether the shafts are 
parallel, the shortest distances between the driv- 
ing and driven shafts should be measured in 
two places along their axes, as far apart as the 
smaller of the shafts will allow ; the measure- 
ment should preferably be made with a steel 
tape or some other form of inextensible 
measure. 

Pulley Alignment 

The usual way to ensure that the pulleys are 
directly opposite is by the use of a wood or 
steel straightedge (Fig. 9). If, as in the majority 
of cases, both pulleys have the same width of 
face, tfien the straightedge should be laid across 
the edge of the rim of the driven pulley, touch- 
ing it in two places. The driving pulley should 
then be adjusted until, with the straightedge 
lined up against the driven pulley, the edge of 
the rim of the second pulley also touches in 



STRAIGHTEDGE METHOD 


The straightedge is placed so as 
to make contact with both pulleys 
at two points at opposite ends of 
diameter in each case. If pulley 
faces are unequal, the cord method 
(Fig. 8) should be used and 
centre of pulleys aligned. 
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two places. In thosj cases where the distance between shaft centres is too great 
to employ a straightedge, the cord method should be used (Fig. 8). 

Wh^ the set is lined up and the two shafts are directly opposite to each 
other, the machine should be started up to see that the belt runs freely. If the 
shafts are parallel but the pulleys not directly opposite, the belt will run to one 
side of the larger pulley. If the pulleys are opposite, but the shafts are not 
parallel, the belt will run to one side of the smaller pulley. 

Rope Drives 

The general remarks quoted under belt drives also apply to rope drives. 
The maximum horse-powers transmitted by rope drives at various speeds are 
given in Table V. A conservative allowance has been made for the reduction of 
power due to centrifugal force at the higher speeds, although in practice such a 
reduction is not always considered necessary. 

Table VI indicates the size of rope suitable for drives where the diameter of 
the smallest pulley is nof less than the figure given in the table, and the peri- 
pheral speed is approximately 5,000 ft. per minute. 

Gear and Chain Drives 

V^hen the motor is to drive by means of gears or chains, it is essential that 
the alignment < e exact. All wheels should be fully meshed both in depth and 
along their width of face, and chains must run centrally on their sprockets, 
For gear drives with pitch-line speeds exceeding 1,000 ft. per minute, paper or 
fabric pinions are recommended to avoid excessive noise. Faulty alignment and 
bad meshing of gear and chain drives may give rise to destructiv e vibration, or 
bearing trouble, together with a bent or broken shaft. Machines built on the 


TABLE V.— HORSE '’OWER TRANSMITTED BY ROPES AT VARIOUS 

SPEEDS 


Velocity 
{ft. per 

m 

Diameter of Rope 
{in) 



minute) 


1 U 4 

n 

; 2 


1,000 

2 --" 

3-5 

4-5 

7*1 

10-2 

14*0 

1 18*2 

1,500 

3*7 

• ^4 

6-7 

10*6 

15-3 

21*0 

27*1 

2,000 

5 -t 

7-0 ; 

91 

14-2 

20-5 

28*0 

; 36-5 

2,500 

6 -z 

84 ' 

11-0 

17-2 

24-7 

33.*7 

44*0 

3,000 

7-1 

V / 1 

12-6 

19-8 

284 

38*7 i 

504 

3,500 ! 

7'8 ' 

10-7 1 

13-9 

21-8 

314 

42*8 

55*8 

4,000 

84 1 

114 

14-8 

23-2 

334 

45*5 : 

594 

4,500 

8-6 1 

11-7 i 

15-3 

240 

34*5 

47*0 

614 

5,000 

8-7 

11-8 : 

154 

241 

34*6 

47*1 , 

61*5 

5,500 

84 

114 

14*8 

23-2 

334 

45*5 

1 

594 


{Metropolitan-Vickers Electrical Co., Ltd.) 



118 INSTALLATION, OPERATION AND MAINTENANCE 
TABLE VI.— RELATION OF ROPE DIAMETER TO PULLEY DIAMETER 


Rope diameter (in.) . 

• 1 1 


I I : U 

* n 

n 

2 

Pulley diameter (in.) 

. : 24 

27 1 

30 39 

45 

54 

66 


{Metropolitan-Vickers Electrical Co., Ltd.) 


larger frames are not designed for gear or chain drives unless outboard bearing 
arrangements are used. 

Bevel and single helical gear drives give rise to thrust which, in certain cases, 
may be excessive and beyond the capacity of the motor bearing. For this reason, 
drives of the above types should never be used without previous reference to 
the makers. 

Direct-coupled Drives , 

Either solid or flexible couplings may be used when a motor is direct-coupled 
to its load. The flexible coupling is to be preferred, as it protects the machine 
from any end thrust and reduces any stress on the shaft and bearings that may 
arise from slight misalignment. 

On all direct-coupled drives, whether flexible or solid couplings are used, 
correct alignment is of paramount importance. Bad alignment may quickly 
ruin a flexible coupling, and will undoubtedly lead to a bent shaft and damaged 
bearings where a solid coupling is used. 

The alignment of the shafts should be checked by measuring the height of 
centres. This can easily be done by placing a straightedge, such as a steel rule, 
across the outside machined surfaces of the coupling flanges. If the centre 
heights are the same, the straightedge will touch both flanges along their entire 
lengths (see Fig. 11). The horizontal alignment may be checked in a similar 
manner by placing the rule across the sides of the coupling. 






tiL 

— 




P 


Shafts qre parallel but 
out of centre. 



Couplings are on same 
centre but shafts are in- 
clined to each other. 


B- 



out of centre. 


Fig. 10.— Lining up .couplings 

The two half-couplings are here shown in various states of mal-alignment, and out of 
centre, and a straightedge is shown across the flanges in each case. The lack of alignment 
is at once obvious when the contact between straightedge and coupling flanges is inspected. 

Note also how the distance ^tween the two coupling faces differs at the top and bottom 
edges in those cases where the shafts are inclined to each other. 
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l-iG. ]].— Aligning couplings (1) 

7'hc alignment of the shafts should be 
checked by measuring the height of centres. 
A straightedge placed across the coupling 
hanges makes fii'^ contact only when the 
shafts are m line, always providing that the 
flanges are of exactly the same diamt-r t. 
{Metropolitan- Vicker\ electrical Co.^ Ltd ) 
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b'lG. 12 .— Aligning couplings ( 2 ) 

The distance between the coupling faces 
Siiould be measured by a feeler gauge. At 
least four points should be measured twice. 
For the second measurement, half the coup- 
ling only should be revolved half a revolution. 
If all measurements are equal, the shafts are 
in line. (Metropolitan- Vickers Electrical Co., 
Ltd.) 


The alignment should also be checked by measuring the di..lancc between 
the two coupling laces with a feeler gauge (see Fig. 12). The coupling should 
not be turned during this measurement. The distance between the two halves 
should be the same all the way round. At least four points should be measured 
twice. For the second measurement, half the coupling only should be revolved 
half a revolution. 


Pipe-ventilated Machines 

Since the machine relies entirely on the cooling air for its successful operation, 
it is necessary to ensure that the pipe connection is not less than F5 times the 
area of the inlet opening lo the machine, as straight as possible, with a maximum 
of two right-angle trends and a length not exceeding 50 ft. 

Pedestal-bearing Machines 

With a pedestal-bearing machine, it is necessary first to set the bedplate on 
its foundation; and the height is adjusted so that approximately half the total 
number of liners allowed for aligning the machine on its centre line can be 
inserted between the bedplate and the frame of the machine. 

The lower half of each bearing is then placed in position, and the bearings 
and oil reservoirs inspected carefully to ensure they are clean and free from dirt. 
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The correct position of the bearings is marked for easy location during erection 
by means of lines, and stamped numbers are used to ensure that each pedestal 
shall go in its correct position. The rotor should then be threaded into the stator, 
taking great care not to damage the windings and making sure that the stator 
terminals are in the correct relative position to the sliprings. 

The protective coating on the rotor shaft is removed by means of turpentine, 
petrol, or methylated spirit, and the journals wiped clean. The rotor and stator 
are lifted together, and lowered gently into position ; it is necessary to ensure 
that the journals drop into the bearings and that the oil rjngs are in place. The 
top halves of bearings and caps are then put on. 

The cap bolts are then screwed down lightly, and an inspection made to 
ensure that the oil rings are free to move and that the stator is not fouhng the 
rotor. The cap bolts may be tightened after the rotor has been turned by hand, 
and the operation of the bearings has been found satisfactory. As already 
indicated, alignment of motor shaft with driven shaft must be accurately 
carried out before the foundations are set. t 

Connecting Up, and First Run 

When the wiring has been completed, and tested for insulation and con- 
tinuity, steps should be taken to ensure that all switches are in the off position, 
and all starter and control handles similarly safe. All overload releases should 
be set to trip at about 50 per cent, more than the full-load current stamped on 
the motor nameplate, Dashpots for overload trips should be filled to the correct 
level with the oil recommended by the makers. 

The first important point is to ensure that the direction of rotation is correct ; 
on small motors the terminals are painted in three colours, and the direction of 
rotation stated, providing connections are made accordingly. If the rotation is 
wrong, two leads must be interchanged. If the motor does not start when 
arriving at the second or third notch of the starter, the main switch must be 
opened, and then the starter handle returned to the off position for a further 
check-up. 

On a first run special care should be taken that the temperature rise is not 
excessive, especially where the total load on the motor is nqt exactly known. 
Now that chp-on ammeters are available, readings can be taken without the 
trouble of connecting in testing instruments ; and if there is any fear that the load 
is too high, temperature readings should be taken by means of a thermopieter. 

The temperature rise permissible will invariably be stated in the instruction 
book which goes with the machine ; motors are generally constructed to operate 
with a temperature rise not exceeding 40^^ C. on cores and windings, measured 
above atmospheric temperature not exceeding 35° C., allowing a total tempera- 
ture of 75° C. This rating permits reasonable overloads. 

We wish to thank the Metropolitan-Vickers Electrical Co., Ltd., for supply- 
ing some of the material for this article. 


G. W. W. 



PUMPS AND PUMPING 

P umps for lifting or conveying liquids can be broadly divided into a 
number of diffarent categories, according some distinctive feature or 
with reference to a particular duty, but no useful purpose is served by 
attempting an exact classification. Without taking into consideration special 
applications, the majority of pumps would come under one of the following 
headings : 

Types of Pumps 

(1) Reciprocating pumps, in which a plunger or piston is mechanically 
reciprocated in a liquid cylinder. 

(2) Centrifugal pumps, in which pressure energy is given to the liquid by 
the rotation of an impeller and centrifugal fo^ce. 

(3) Rotary pumps, where the liquid is forced through the pump cylinder or 
casing by mean^ of rotating drums or pistons without the aid of centrifugal 
force. 

(4) Air-lift pumns, which raise water by the buoyancy of an aerated column 
of water in a submerged tube. 

The engineer confronted with a pumping problem obviously wishes to 
know the most suitable and efficient type and size of pump for that particular 
service. In some cases k might be possible to say that experience has shown 
that a particular type had given satisfactory service over a number of years, but 
more frequently two o’* more different types might be equally efficient and 
reliable. In order to give a satisfactory answer ^o such a problem, it is necessary 
to lake into consideration all the prevailing circumstances, together with the 
guaranteed, or probable, efficiencies of suitable types of pumps. 

Modern pumps of all types have undoubtedly reached a high degree of 
efficiency, but probably the greatest development has been in the range of 
operations performed by the centrifugal pump. For a great number of purposes 
the direct-coupled and the belt-driven centrifugal pump has displaced the older 
reciprocating pump„in^spiic of the fact that the efficiency of the centrifugal 
pump is lower. It has, however, many advantages, of which low initial cost, 
absence of valves, compactness, lighter foundations, and low running and re- 
pair costs are the nidst important* At the same time the centrifugal pump is 
unable to compete with the reciprocating and rotary types working against high 
pressure with fluctuating outputs, particularly when the heat in the exhaust 
steam from direct-acting or steam-driven pumps can be usefully employed. 

The range of duties performed by pumps is so large that even to enumerate 
the trades and industries in which they are used would take up a great deal of 

121 



MAINTENANCE 

spage. Many pump 
manufacturers have de- 
signed and developed 
pumps for specific 
duties, and no doubt the 
specialist is best able to 
satisfy the demands of 
those requiring a 
special- duty pump. 

The various types of 
pumps used in industry 
differ considerably in 
detail, and it is therefore 
proposed to select 
typical examples of 
modern pumping prac« 
tice, as applied to water 
pumps, and to indicate 
the special character- 
istics and modifications. 

ARRANGEMENT OF PIPES AND FITTINGS 

It is of little use installing a highly efficient pump if the power to drive the 
pump is dissipated, or much greater than it would be, owing to the use of 
unsuitable pipes and fittings, or a poor layout. The overall efficiency of a pump- 
ing plant, in many cases, depends more upon the piping arrangements than 
upon the pump, and quite as much attention should be given to the selection of 
the correct pipes and fittings as to the choice of a particular type and size ot pump. 

Suction and Discharge Pipes 

Both suction and discharge pipes should be of ample size ; they should be 
as short and direct as possible, with few bends and no elbows or Ts, and quite 
free from possible air pockets. The suction pipe should rise gradually towards 
the pump, and should receive sufficient support to prevent vibration and take 
all weight off the pump inlet flange. 

The arrangement shown in Fig. 1 is a good one, and makes use of a bell- 
mouthfed entry foot valve and a strainer. The position of flanges, foot Valves, 
and other fittings should be as accessible as possible ^br examination and 
cleaning. An alternative arrangement, and the one most frequently adopted, is 
shown in Fig. 2. If possible, the vertical pipe should be supported on a brick 
or concrete pillow. 

Faults in Suction Pipes 

A common fault, and one causing a good deal of trouble, is shown in 
Fig. 3. Here the suction pipe connected to the pump slopes upward away from 
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Fig. 1.— Arrangement of suction pipe with foot valve 

AND STRAINER 
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the pump, with .the result that an air 
pocket is formed, which gives rise to loss 
of suction, irregular discharge, and water 
hammer. 

A similar fault is found when reducing 
pipes are used to connect an oversize pipe 
to the pump inlet. The type of reducing pipe 
shown at A in Fig. 4 can often be usefully 
employed, but whe« used in conjunction 
with a 90° bend, it is difficult to obtain 
sufficient downward slope to prevent a bad 
air pocket forming in horizontal pipes. Such 
a pipe is quite satisfactory on the discharge 
side of the pump when used to increase the 
diameter of the piping, but for suction 
purposes the type of reducer shown at 5, 
Fig. 4, should be used. 


Foot Valves and Strainers 

A foot valve is advisable when the 
suction pipe is of large diameter or more 
than about ID I’t. in length. This valve is 
intended to retain water in the suction pipe 
and enable the pump to start discharging 
water without first exhausting air from the pipe, or priming the pump. 

When necessary, a strainer should be fitted to the inlet of the suction pipe. 
The area of the holes or slots should be not less than three times the sectional 
area of the pipe. The upper row of holes or slots require to be at least two pipe 
diameters below water ^cvel. When a foot valve is fitted, it is advisable to 
provide a drainpipe for cmplyine <he pipe in cases where there is a possibility 
of freezing. 



Fig. 


brick or 
- CONCRETE 
PILLOW 

2.— Al Tf RNATIVt ARRANGEMENT 
OF SUCTION PIPE 


mAlR,POCKCT 



Fig. 3.— Incorrect pipe arrangement- 
sloping DOWN TO PUMP 


Inlet Pipe 

When a strainer is not pro- 
vided, the inlet pipe should be 
fitted with a bell-mouth entry. 
This allows the free entry of 
water and ensures a full pipe 
without throttling the flow of 
water. 

Priming Pipe 

This usually consists of a 
pipe and screw-down valve con- 
necting the discharge pipe to the 



124 INSTALLATION, OPERATION AND MAINTENANCE 



suction pipe, by means of 
which water can be run into the 
suction pipe and pump just be- 
fore starting up. Any leakage 
past the foot valve is made up 
and the system charged. Most 
pumps are provided with a 
filling plug for use when a 
priming pipe is not fitted. 

Non -return Valve 


B 


CORRECT. NO AIR POCKET 
Fig. 4.— Correct and incorrect reducing pipe 

ARRANGEMENTS 


A non-return valve is usually 
fitted above the discharge valve 
when the head against the pump 
exceeds about 200 ft. or when 
the delivery pipe is 200 ft. in length or more. This valve retains water in the 
delivery pipe when the pump is stopped and enables the pump to be primed 
by exhausting the air in the pump and suction pipe. It also prevents the pump 
from being damaged by water hammer caused by suddenly stopping the pump. 
A type of valve frequently used is shown in Fig. 5. 


Clack Valve 

The valve shown in Fig. 6 is fitted to the discharge of outdoor pipes when 
they are liable to become silted up if the pump is stopped for any length of 
time. The counter-balance weight allows the valve to be opened or closed as 
desired. 


Suction Exhausters 

When the suction pipe of a centrifugal pump is of large capacity and a foot 
valve is impracticable, the pump and piping may have to be exhausted of air 
by means of a plunger-pump exhauster driven by a belt or other suitable means, 
or by using an air pump or steam ejector. A small plunger-pump exhauster is 
illustrated in Fig. 7. It is essential that 
the delivery be closed to atmosphere by 
means of a sluice Valve or non-return 
valve. 

Air Vessels 

Reciprocating pumps are usually 
fitted with air vessels on the discharge 
side of the pump in order to reduce 
shocks and water hammer and produce 
smooth running and a uniform discharge. 

They are also fitted on the suction inlet 
to the pump when the suction pipe is 



Fig. 5. — Non-re- Fig. 6. — DelIv- 
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long or of large are,a. The crank-driven 
pump, and particularly the single-acting 
type, requires an air vessel because the 
speed of the plunger varies in all parts of 
the stroke. The speed of the direct-acting 
pump does not vary to any great extent, 
but the rate of flow varies at each end of 
the stroke when the plunger comes to rest. 

The interna! diameter of an air 
vessel should not be less than the 
diameter of the pump plunger or piston 
and its height not less than the square 
root of its internal diameter multiplied 
by the water pressure in pounds per 
square inch divided by 15. Thus, if the 
internal diameter of the^ir vessel is 9 
in. and the water pressure 100 lb., then 
100/1 5 = 20 in. minimum height. 

Air vessels should be fitted as dost 
to the valve box as possible, and when 
water nammer is experienced in spite of 
an air vessel, it ; , desirable to fit a gauge 
glass in order that a constant Water 
height can be maintained with a cushion 
of air also of constant height. Usually a small valve on the suction side of the 
pump opening to atmosphere can be used to charge the air vessel", but on large 
pumps with long discharge pipes air pressure sufficient to produce smooth 
working is maintained by means of an air compressor. Air vessels on deep 
well pumps can also be automatically charged by a small air pump worked by 
the rise and fall of a water piston acting in conjunction with the pump plungers. 

WORK- DONE BY THE PUMP 

Static Suction Lift 

This neglects’ friction, and can be taken as the vertical height from the 
water-level to the centre of the pump, or the vertical height through which the 
liquid has to be raised. 

Static Delivery Held " 

Static delivciy head is the vertical height from the centre of the pump to the 
delivery water-level as in A and B, Fig. 8, or to the highest point in the delivery 
pipe when the discharge is arranged as at C. 

Total Static Head 

The total static head against the pump is the vertical height from water-level 
to watei -level or from water-level to the highest point in the delivery pipe. 

E.W.P. IV -5 
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Fig. 7.~Plunger-pi;mp exhauster 
{Ruston & Hornsby, Ltd.) 
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Actual Head 

The actual or mano- 
metric head is the total static 
head plus the losses due to 
friction in the pipes, fittings, 
and pump. 

Friction Losses 

The*' sum of these losses 
depends upon the sectional 
area and the internal con- 
dition of the pipes and 
fittings, the velocity and 
viscosity of the liquid being 
pumped, and the friction 
catised by bends, valves, and 

Fig. 8. — Diagram showing static head in pumi> other fittings. Frictional re- 
sistance to the flow of water 
varies approximately as the square of the velocity. Table I gives the head in 
feet required to overcome the friction of flow in every 100 ft. of new straight 
cast-iron pipe for given quantities per minute. To these figures must be 
added the friction due to bends, valves, and other fittings from Table If. 
It will be seen that the greatest losses are caused by the velocity flow into a 
suction pipe not provided with a bell-mouthed entry and by T-pieces and 
elbows. 

The following example shows the method of calculating the actual or 
manometric head against a pump. Let the velocity of the water be 350 gallons 
per minute and the total static lift 60 ft. The suction consists of a strainer with 
bell-mouthed entry, a foot valve, 6 ft. of straight 5-in. diameter pipe, and a 5-in. 
bend connected to the pump. Then: 

SUCTION LOSSES 

Strainer equivalent length .... 

Foot valve equivalent length 

Straight pipe equivalent length . 

Bend equivalent length .... 

Total equivalent length 

From Table I the equivalent head loss for 100 ft. of 5-in. pipe and 350 
gallons per minute is 4 ft.; therefore, 4 x 26-6 -f- 100 — 1-06 ft. head. 

DELIVERY LOSSES 

The delivery consists of a sluice or delivery valve, a non-return valve, 50 ft. 
of straight 5-in. pipe, and one 5-in. bend. Then: 


/■ 7 . 

1-9 

4-7 

60 

140 

26*6 
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Ft. 

Velocity head bell-mouth entry equivalent length 17-0 

Delivery valve equivalent length 4-7 

Non-return valve equivalent length .... 61 

Straight pipe equivalent length ... 50-0 

Bend equivalent length .... 14 0 

Total equivalent length 91-8 


Then delivery loss 4 x 91-8 100 — 3-67 ft. head, and total frictional 

loss of pipes and fittings 1*06 -f- 3*67 ™ 4-73 ft. head. To this should be added 
a margin of, say, 25 per cent, for future deterioration of the pipes, making the 
loss 4-73 -i- 1*25 =- 5*98 ft. head. 

If the total static head is 60 ft., then the actual head against the pump will 
be 60 + 5-9 — 65*9 ft. Except with short pipes of large diameter, it is usually 
a good investment to install all suction and discharge pipes of centrifugal pumps 
one standard size larger than the inlet and outlet connections on the pump. 
The reason for this will be seen from the table, where the loss or head caused by 
250 gallons of water per minute flowing through 100 ft. of 2^-in. pipe is 70 
ft. and the same quantity* flowing through a 6-in. diameter pipe is only 0-9 ft. 

The pressure in pounds per square inch due to 1 ft. head of water is 0433 lb. ; 
therefore the actual head in feet multiplied by 0433 gives the head or pressure 
in pounds. A head of 2-3 ft. is equivaleiP to 1 lb. per square inch ; therefore 
head in feet divided by 2-3 will give the head in pounds, and pounds per square 
inch -J- 0433 is ihe head in feet. 

Suction Lift 

The theoretical suction lift of a pump at sea-level with water at 60° F. is 
14*7 X 2*3 = 33*8 ft., where 14*7 is the barometric pressure in pounds and 
2*^ the water equivalent of 1 lb. per square inch. In practice actual lift depends 
upon the type and condition of the pump and the total length of the suction 
pipe, which may have a horizontal portion considerably longer than the 
vertical height. A plur^^er pump in good working condition will lift 23 ft. 
without difficulty, but it is advisable to limit the lift, if possible, to 20 ft. Centri- 
fugal pumps can be constructed to lift up to about 20 ft., but normally the lift 
sliould not exceed about 15 ft. 

For liquids o|,hcr than water the tlicoietical suction life will be the equivalent 
of water divided by the specific gravity. 

Temperature of Water 

When the temperature of the water exceeds about 175'' F., it should flow by 
gravity to the pumj5 suction. This is on account of the vapour given off by the 
liquid counterat-ting atmospheric pressure on the surface of the water. 

The following tabic g^es the suction lift and head for various water 
temperatures : 

130° F. 10 ft. suction hft; 190° F. 5 ft. head on suction valve. 

150° F. 7 ft. suction lift; 200° F. 10 ft. head on suction valve. 

170° F. 2 ft. suction hft; 210° F. 15 ft. head on suction valve. 

175° F. 0 ft. suction lift; 220° F. 22 ft. head on suction valve. 
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TABlBJ.-HeAD Lm IN mT WR EACH m FT. OF STIUlOHT mr 
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2 

^ize of Pipe in Me 
1 2-S 30 

s 

; 4 

/ ^ 

/ ^ 

10 

13-3 

J-7 

0-4 


10 


_ 

' 

20 

51-0 

6-5 

1*6 

0-5 
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30 

— 

14-8 

3-5 

M 

[ 0-47 






40 

___ 

260 

60 

20 

1 0-8 







50 

— 
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9-4 

30 

! 2-15 







60 

— 

57-0 

13-5 

4-3 

1-8 

0-4 





70 


78-0 

, 180 

5-8 

2-4 

0-55 





80 

— 

— 

240 

7-5 

1 31 
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90 

— 

— 

300 

9-4 

3-9 

0-9 

0-29 
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— 

— 

370 

12-0 

40 

M2 

0-36 

016 

120 

i 

— 

510 

16-5 
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1-6 

0-5 

0-22 

• 140 

1 

— 

690 

220 

9‘1 

2-12 

0-66 

0-3 

160 



— 

290 

120 

2-75 

0'87 

0-4 
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— 1 

— 


360 

14-9 

3-45 

M 

0-5 

200 

„ : 

— 

— 

450 

18-3 

4-25 ■ 

1-33 

0-6 
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— 1 

— 

— 
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27-5 , 

6-45 
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0-9 
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— 

— 


— 
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9-3 

30 

1-3 
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— 

— 

— 

— 
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40 

1-75 
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— 

— 
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— 

— 
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— 

200 

6-5 

2-8 

500 

— 

— 


— 

— 

1 250 

80 

3-4 

600 

-• 

— 

— 

— 

— i 

! 340 

11-3 

4-8 

700 

— 

— 

— 

— 

— 

I 

15-4 

6-5 

800 






— j 

19-6 

8*3 


TABLE II.— LOSS FOR FITTINGS IN EQUIVALENT LENGTHS OF STRAIGHT PIPE 


Size of Pipe 
in Inches 

Velocity 
Head for 
Ordinary 
Pipe 
Entry 

Velocity 
Head for 
Bell- 
mouthed 
Entry 

Bend 

Foot 
j Valve 

Non-re- 
turn 
\ Valve 

Delivery 

Valve 

Full 

Open 

Strainer 

Is 

and 

Elbows 

10 

4-5 

I'l 

2-5 

I 0-8 

10 

08 

03 

2-7 

1-5 

7-1 

4-3 

3-7 

' 1-2 

! 1-6 

1-2 

0-5 

4-3 

2*0 

9-8 , 

5-9 

50 

1-7 

1 ^'2 

1-7 

0-7 

5-9 

2-5 

12-6 

7-6 

6-4 

21 

* 2*8 

2-1 

0-9 

7-6 

30 

15-6 ; 

9-4 

* 80 

2-6 

3-5 

2-6 

10 

94 

4-0 

21-0 i 

130 

10-7 

! 3-6 

4-7 

3-6 

1*4 

13-0 

50 

28*0 ; 

17-0 

140 

1 4-7 

j 61 

4-7 ; 

1-9 

170 

60 

1 

350 

210 

17-3 

1 5-8 

7-6 

5-8 

2-3 

21 0 


CAPACITY OF RECIPROCATING PUMPS 
The single-acting pump usually discharges water on its backward stroke 
though the pump cylinder, and its theoretical displacement will be equal to the 
sectional area of the plunger or piston multiplied by the length of stroke. Its 
theoretical capacity is therefore equal to the displacement multiplied by the 
number of strokes in a given period. This can be found by multiplying the area 
in square inches by the length of stroke in inches by the number of strokes per 
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minute, and dividing by Ill'll, giving the capacity in gallons per minute, 
where Ill'll cub. in. equals 1 gallon of water. 

For practical purposes the capacity of a single-acting pump can be found 
from the formula : 

D^XSXN_ 

^ 360 

where G ^ gallons per minute. 

D ^ diameter of plunger in inches. 
i-S ^ length of stroke in inches. • 

N - number of strokes per minute. 

—Diameter of plunger, 6 in.; length of stroke, 12 in.; number 
of strokes per minute, 36. 

6 y 6 \ 12 v- 36 

Then : - 43 gallons per minute. 

The result obtained b^ this formula is about 3 per cent, below the theoretical 
displacement, but, owing to possible leakage past the piston or valves, or slip 
past the suction valve, is still about 3 pei cent, greater than the actual discharge 
capacity under the best possible conditions. 


Double-acting Pump 

The double-acting pump discharges water on both the forward and back- 
ward stroke. On the forward stroke the effective area of the piston is reduced 
by an amount equivalent to the area of the piston rod. If this is neglected, then 
the double-acting pump displaces twice the amount of water of a single-acting 
pump of equal size. 


The Duplex Pump 

This consists of two numps combined to form a single unit; the theoretical 
displacement is twice that of a simnlex, or single-cylinder, pump of equal size. 

The theoretical capacity^ of a double-acung duplex pump can be found 
fi om. the formula : 

• T*' : S >, V X 4 

— gallons per hour, 


where D is the diameter of the water piston in inches, S the stroke in inches, 
and N the number of double strokes per minute. 

Example .— ot water piston, 7 in.; length of stroke, 10 in., with 
35 double stroke.') per minute. 


Then : 


7 X 7 


10 X 35 X 4 
6 


11,433 gallons per hour. 


Effective Area of Pump Piston 

The displacement of a double-acting reciprocating pump is less on the 
forward or upward stroke on account of the pump rod. To find the average 
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effective area, let the diameter of the pump piston equaL8*5 in. and the rod 
1-5 in. Then, if A is the area of the piston and a the area of the rod, ^ 1 

= average effective area. 

Area of ^ = 8-5 x 8*5 x 0*7854 == 56*7 sq. in.; and area of a - = 1*5 x 1*5 X 
0*7854 ^ 1*7 sq. in. .*. Average effective area — .56-7 — (1 *7 f 2) ~ 55*8 sq. in. 


Water Horse-power 

The water horse-power can be found from equations : 


G X H 
3300 


IL.i/.P. 


QXH 

8*828 


W.H,P. 


where G - gallons discharged per minute. 

Q ^ cubic feet discharged per second. 
H actual head in feet. 

W.H.P. = water horse-power. 


Efficiency of Pumps 

The efficiency of a pump is the ratio of the water horse-power output to 
the brake horse-power, or : 


W.H,P. 

B.H.P. 


X 100 — percentage efficiency. 


Mechanical efficiency is the ratio 


B,H.P . 

LH.P.' 


The efficiency varies considerably with design, size, and working condition 
of the pump. Direct-acting pumps on full load with strokes up to about 10 in. 
would probably average about 60 per cent. Larger pumps may rise as high as 
80 per cent. 

Power pumps with flywheel, gears, and cranks in first-class working con- 
dition may have an efficiency as high as 85 per cent, or even 90 per cent. 

Standard centrifugal pumps normally average about 60 per cent, efficiency, 
but large pumps working under appropriate conditions will average ^bout 
80 per cent. 

Small pumps must always be less efficient than larger ones of the same type, 
on account of the frictional horse-power being proportionally greater. 


Power to drive a Pump 

The brake horse-power to drive a pump can be found from the equation : 


G X X 100 
3300 X E 


- B,H,P. 
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where G ^ gallons discharged per minute. 

H actual head in feet, 
efficiency. 

Example. —¥\nd the brake horse-power to pump 230 gallons per minute 
against a total head of 390 ft. Efficiency of pump 65 per cent. 


Then : 


230 X 390 X 100 
3300 X 65 


41-8 B.H.P. 


Steam Pressure to drive Pump ^ 

A pump has a steam piston 9^ in. diameter and a water piston 8 in. diameter. 
Us efficiency is 60 per cent., and it is run non-condensing with a back pressure 
of 5 lb. per square inch. What steam pressure would be required to pump 
against a total head equivalent to 125 lb. per square inch ? 

Then: Pressure against pump 8 x 8 x 0-7854 x 125 = 6283 lb. 

Efficiency 60 per cent. 6283 x 100 -X 60 - - 10,471 lb. 

Pressure per stjuare inch against steam piston : 

9-5 X 9-5 X 0-7854 

Assuming a loss of 12 lb. steam pressure with 5 lb. back pressure, then 147-7 
12 + 5 — 164*7 lb., say 165 lb., boiler pressure would be required. 

Brake Horse-power absorbed by Pump 

100 

B.H.P. W.H.P. / y. 


Velocity of Water in Feet per Second 


F - 


G 




2-6 X A;A=^ 


G 

2'-6“F 


where A ~ area of pipe in square inches. 
G ~ gallons per minute. 
y _= velocity in f&et per second. 


DIRECT-ACTING PUMPS 

The steam-driven direct-acting pump, in which the pump-plunger rod is a 
continuation of piston lod and no rotary motion of any kind is employed, is 
still largely used fqr pumping limited quantities of water against pressures up 
to about 250 lb, per square inch. 

Horizontal Duplex Pump 

The horizontal type of pump is to some extent easier to overhaul than the 
vertical, as the water piston can be withdrawn without disturbing the valve 
gear and piston rod, and bearings and working parts receive better lubrication; 
on the other hand, more floor space is occupied and cylinders are liable to 
greater vvear on account of the weight of the pistons. 
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The steam consumption of the simplex or single-cylinder pumps of both 
horizontal and vertical types is usually less than with the duplex, but the latter 
gives a more continuous discharge on account of one piston commencing to 
discharge before the other has completed its stroke. 

A horizontal duplex pump is shown in section in Fig. 9, and represents the 
Worthington-Simpson general-service type. It is constructed in fourteen 
standard sizes, the smallest having a water cylinder of H-in. bore and 3-in. 
stroke and a water capacity of 200 gallons per hour, and the largest 7 in. by 
10 in. with a capacity of 11,000 gallons per hour. 

In the two smaller sizes the steam end is cast integral with the liquid cylinders. 
In all other sizes the water cylinder is a separate casting. 

The steam valves are of the slide-valve type operated by direct lever con- 
nections. 

Piston rods are usually of bronze, one-piece construction secured to the 
pistons by taper shanks and nuts. 

The liquid cylinders and heads are of cast iroi?, with renewable bronze 
liners, but for special conditions all iron or all bronze is used. 

The valves are all above the cylinders and the pistons submerged. They are 
of poppet type, bronze disc working on one-piece bronze guards and held on 
their seats by coiled bronze springs. Valve seatings are of bronze screwed into 
place on taper threads of fine pitch. When all iron cylinders are used, the 
valves and seatings are of iron with steel springs. 

Water pistons are of bronze with removable followers, which allows 
adjustment and renewal of packing without removing pistons from the cylinders. 

Setting Valves on Duplex Pumps 

Valves are adjusted so that each valve is exactly central over its steam ports 
when the piston rod that operates it is in the centre of its stroke. 

To find the centre of the stroke, push the piston rod hard against a cylinder 
cover and mark the rod, then against the opposite cover and make another 
mark. When a point midway between these two marks is in line with the face of 
the gland nut the rod will be in the centre of its stroke. 

When both pistons are ip the central position, the crossheads on the rods 
should be adjusted so that the levers for operating the valve rods are in a vertical 
position. The slide valves are then placed over the centre of the steam ports 
and adjusted so jthat the clearance is equally divided on either side of the valves. 

The Weir Direct-acting Pump 

The Weir direct-acting pump and its various parts are shown in Figs. 10 
and II. 

The Slide-valve Chest 

This is shown in section in Figs. 1 2-14. The chest contains a main and an 
auxiliary valve. The main valve A distributes steam to the cylinder, The 
auxiliary valve B has two functions: it distributes steam to work the main 
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Fk, 9. — Horizon I AL duplex pump {Worthington-Simpson, Ltd.) 


valve; and its outer edge cuts off steam entering the main ports C and D 
leading to the top and bottom of the cylinder. 

Both valves arc simple slide \alves; but the main valve is half-round, and 
the round side works on the chest face, which is bored to fit. On the back of 
the main valve a flat face is formed upon which the auxiliary valve works. On 
this face the ports C’, /), E, and Fare cut with the exhaust ports H in the centre 
(Fig. 17). The ends ot the main valve are cylindrical, and project beyond the 
port face; they are fitted with loo.>c bells or i ylinders in which the valve works. 
These bells are held in position by the end covers and by faces cast on the chest 
tor the purpose. 

The operatibn of the vaives during a double stroke of the pump is as 
follows : 

When the piston is at the bottom of the stroke, the main valve is in the right- 
hand position, as in Fig. 13, the auxiliary valve B is also at the bottom of its 
travel, and the pott € leading to the bottom of the cylinder is open to the 
steam pressur'^. This port remains open until the piston reaches half-stroke, 
when the auxiliary valve b. gins to move in the same direction as the piston, and 
at about three-quarters stroke the auxiliary valve closes the port C leading to 
the bottom of the cylinder. The remainder of the stroke is completed by the 
expansion of steam already shut in the cylinder, or by more steam admitted 
through the by-pass, which will be described later. Port E leads to the left-hand 
end of the main valve, and port F to the right-hand end. When the piston reaches 

E.w.p.r 
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Fig. 10.-— Direct-acting feed pump 
(G. & J. Weir, Ltd) 



Fig. 11.— 2. Double joint. 3. Front stay. 4. Bottom spindle. 5. Valve-gear levers. 
6. Front-stay bush. 7. Ball crosshead. 8. Main crosshead. 9. Crosshead pin. 10. Piston rod. 
11. Piston body. 12. Piston rings. 13. Cylinder cover. 14. Discharge-valve seat. 15. Dis- 
charge-valve seat ring. 16. Suction-valve seat. 17. Suction-valve guard. 18. Discharge-valve 
guard. 19. Water valves. 20. Bucket. 20a. Bucket rings. 21. Pump rod, 22. Pump cover. 
23. Valve-chest cover. 24. Steam stop valve. 25. Exhaust stop valve. i6. Auxiliary-valve 
spindle. 27. Cylinder neck ring. 28. Cylinder gland. 29. Pump neck ring. 30. Pump gland. 
31. Pump liner. 32. Liner fixing pin. 33. Pump-gland studs. 34. Cylinder-gland studs. 
35. Suction and discharge columns. 36. Top pins. 37. Ball crosshead bushes. 38. Piston-rod 
nut. 39. Pump-rod nut. 40. Crosshead taper pin. 41. Pump drain plug. 42. Plunger lubricator. 
43. Adapter for lubricator. 45. Gland packings complete. 46. Pump and cylinder joints. 
47. Cylinder drain valve. 48. Discharge-valve spring. 49. Suction-valve spring. 


the top of its stroke, port E is opened to the exhaust by the auxiliary valve B, 
and at this position port F is open to steam j the main valve is therefore thrown 
over until the exhaust from the left-hand end is cut off; the steam remaining 
after cut-ofif acts as a cushion and prevents the main valve hitting the end cover. 
The main valve is now at the opposite end of its stroke, and the port C, which 
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admits steam to move the piston on the up stroke, is open to exhaust. The port 
D leading to the top of the piston is now open to steam. 

The action described above also takes place on the down stroke ; the main 
piston moves half its stroke before beginning to move the auxiliary slide, which 
again cuts otf steam at about three-quarters of the stroke. The remainder of 
the stroke is travelled by the expansion of the steam in the cylinder, or by fresh 
steam admitted through the by-pass. 

By-passes 

Under certain Conditions the pump will not complete its stroke by the 
expansion of steam in the cylinder; for instance, if the pump were started with 
the cylinder cold, the steam would rapidly condense and fall below the pressure 
necessary to move this piston. In such circumstances it is necessary to admit 
steam after the auxiliary valve is closed to main ports C and D on the face of 
the main valve, and this is done by means of the by-pass on each end of the 
chest. These by-passes I and J (Figs. 12 and 16) are made by cutting a port on 
the back of the main valve, and provision is made on each end of the steam 
chest for opening and closing the ports by hand. 

Pump Bucket 

The bucket A, Fig. 18, is made of gunmetal, in which two grooves are 
turned. Rings BB, of specially manufactured ebonite, are fitted into these 
grooves, and are cut at an angle CC to permit of their expanding and filling 
the pump chamber. 

In order to fit new rings a ring is first inserted in a groove to test lateral 
clearance, which should be 0-01 in. for pumps up to 6-in. bore and 0*015 in. for 
pumps above that size. The ring is then moved until it has passed circumfer- 
entially completely within the groove. It is then sawn through at the angle 
shown, with a fine hacksaw, so that the gap is approximately in. 

When fitting over ^^ize rings or when dealing with temperatures above 
212° F. the gap should be adjusted by filing to give the following clearances, 
with the ring in position in the pump cylinder . for pumps up to 6-in. bore, 
j\-m. gap,; pumps 7-in. to ^-in. bore, iVin. gap, and for pumps of 10-in. bore 
and upwards, gap. 

The ring, being now ready for springing into the groove, must be com- 
pletely submerged in boiling water until rendered pliable. Then, working from 
the point opposite the saw-cut, press ring into groove. When ring is pressed 
home, it should hi^ve ^ saw -cut | in, open. The ring is held in this position for 
about one minute until it sets hard. When the bucket, fitted with the hardened 
ring aud a gap of J in., is dropped into the pump chamber, the gap again closes 
to the proper size, thus giving the necessary compression on the ring to ensure 
freedom from leakage. 

Adjusting Length of Stroke 

In order to adjust the length of stroke, a pair of dividers should be set to 
the distance X indicated by the centre dots on the front of the stay, Fig. 19; then 
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Fig. 12. — Sfctional front elevation 

OF VALVE CHEST 



Fig. 13.— Sectional plan oi valve 

CUES I 



Fig. 14. — Sectional side 

ELEVATION 



■ — ' Fig. 17. — Main valve back — 

Fig. 16.— Main VALVE FACE faced for auxiliary valve 


adjust the valve spindle and nuts so that the centre dots on these correspond 
with the points of the dividers as shown in the illustration. 

An alternative method is as follows : while the pump is working on normal 
duty, slacken the locknut A and gradually screw up the bottom portion of the 
valve spindle B by means of the hexagon nut C until the piston strikes the 
cylinder cover. Then measure the distance between the steam-cylinder gland and 
the top of the crosshead D. Next screw the spindle R in a downward direction 
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until the distance between the gland and the crosshead is i in. more than when 
previously measured. This completes the operation for the top part of the stroke ; 
the process should then be repeated for the bottom end of the stroke. 

The Peam Vertical Direct -acting Pump 

The steam end of this simplex type of pump is illustrated in Fig. 20. The 
steam distribution is as follows: 

The piston being at the bottom of the stroke, steam is admitted to the 
cylinder through the main port 1 to the by-pass port 2 below the piston, thus 
slowly raising it until the main port 1 is uncove*red to full steam. On the piston 
approaching the end of its stroke the main port 3 is covered by the piston and 
the remaining steam exhausted slowly through the by-pass port 4, bringing the 
piston gradually to rest. At this moment the auxiliary slide valve 5 (mechanically 
controlled from the crosshead on the pump rod), arriving at the end of its 
downward stroke, opens the steam port 6 to the top of the auxiliary piston 7 
and connects steam por^ 8 to the exhaust port 12. The auxiliary piston 7 then 
moves downwards, carrying with it the main slide valve 9, thus opening the 
mam port 3 to the top of the steam piston through the by-pass port 4. A reversal 
of the above performance completes die down stroke of the piston. 

From the sectional view through the auxiliary slide valve, it will be seen that 
the steam and exhaust ports to the auxiliary cylinder are arranged left and right 
at the top and ight and left at the bottom, and that the exhaust port 1 2 is always 
open, thus ensuring a free escape ^or the .>team from the auxiliary piston when 
the exhaust ports 8 and 11 are opened. 

The motion of the auxiliary slide valve is continuous, except for the small 
amount of lost motion between liie nuts A and B, which are fo ' the purpose of 
adjusting the stroke of the pump. 

Pump Barrel and Valve Box 

The pump barrel and valve box are shown in Fig. 21 . The former is designed 
without long passages, so that it can be e«:»ily 
cleaned when the water has a depository nature. 

The liner is of gimmetal forced into the barrel 
with a special form of joint made at /I. It is ex- 
tended at the upper end to the level of the cover, 
by which the liner is securely held in position, 
no outside sciews^ being necessary. 

Pumps up to andT including 5 in. diameter 
have the barrels and valve boxes cast together. 

They are fitted with single valves of the mitre 
type with long guides and bronze springs. The 
valve seatings are tapered on the outside and 
pressed in as shown on the right of Fig. 21. 

Pumps 5i in. diameter and upwards are fitted 
with group valves of mitre type, with long 
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guides to reduce wear, and bronze 
springs. The valve seats are of 
gunmetal secured by manganese- 
bronze setscrews. 

The packing glands for both 
steam pistons and pump rods are 
made in two parts, the flanges 
bearing on a convex surface on 
the bushes; thus any binding on 
the rods caused by screwing the 
glands down unevenly is ob- 
viated. 

The Pump Piston 

The pump piston used with 
this pump is shown in Fig. 22. 
It is of simple construction, and 
is fitted with one-piece packing 
rings made from flexible material 
of a composition which is tough 
and operates with little friction. 
The rings operate on the hy- 
draulic principle, viz. by means 
of ports drilled in the piston, top 
and bottom, which admit liquid 
on the pressure strokes to expand 

Fig. 19 . — Method of adjusting length of radially and uniformly 

STROKE— Weir direct-acting pump against the walls of the liner; the 

lips of the ring are also forced 
against the plates between which they are mounted. 

The rods are screwed into the crosshead and secured by a cotter and locknut. 
They are made sufficiently large in diameter to allow for returning when worn, 
without interfering with the threads at the end. ^ 

This type of pump is manufactured by Messrs. Frank Pearn & Co., Ltd., in 
sixteen standard sizes from 2^; in. diameter by 8 in. stroke with a displacement 
of 340 gallons per hour at 22 double strokes per minute,' to lOJ in. diameter by 
24 in. stroke and a displacement of 6,900 gallons per hour a^ 14 double strokes 
per minute. 

Worthington Vertical Simplex Pump 

This is shown in the sectional views in Fig. 23. The working parts of the 
steam end consist of a main slide valve 1, a steam-thrown plunger 3, and a small 
auxiliary slide valve 2. These three parts, together with the valve-rod connections 
6 and 7 to the lever which moves the auxiliary valve 2, make up the whole 
working mechanism. It is particularly adapted for operation with high-pressure 
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steam, the auxiliary valve being the only working part directly connected to the 
valve rod. This valve, due to its small area, is subjected to but little friction 
from the pressure of steam upon it. It will be noted that the auxiliary cylinder 
carrying the steam-thrcwn plunger is at right angles to the length of the main 
cylinder, so that the weights of the plunger and main valve are supported, thus 
preventing any possibility of these parts dropping and short-stroking the 
pump. 

In the sectional view of the steam cylinder on the left of Fig. 23 it will be 
seen that the main piston is at mid-stroke and moving downwards. The auxiliary 
valve, through the valve connections, has just been moved to the upper end of 
its stroke, admitting steam to the auxiliary cylinder 4, thus forcing auxiliary 
plunger 3 with its main valve 1 to the left-hand of its movement. The main 
valve has opened the steam passage to port leading to upper end of the main 
cylinder and exhaust passage leading to lower end. Steam is entering cylinder 5 
through steam-pipe opening 25, filling the steam spaces of the auxiliary cylinder 
and upper end of the m£fin cylinder, while at the same time exhaust steam from 
the lower end is passing out at the main exhaust opening. 

The auxiliary plunger 3 is operated through two small ports by means of 
the auxiliary ^ alve. This valve, riding upon the back of the main valve, admits 
steam to one end and exhausts from the other end of the steam-thrown plunger 
through passag es 21 and 22 in the main valve face, and through exhaust passage 
36 and cavity 30 leading to the main exhaust 13. As the plunger approaches the 
end of its travel, the exhaust port 36 is closed by the movement of the main 



Fig. 20 .— Steam end of the Pearn direct-acting pump 
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valve, the steam trapped in the 
cylinder end forming a cushion 
upon which the plunger comes to 
rest without shock and with the 
main valve in the correct position 
for the return stroke of the main 
piston. The main valve 1, by the 
auxiliary plunger, is carried across 
the valve seat of the main cylinder, 
thus controlling the admission and 
exhaust of steam to and from that 
cylinder. 

This type of pump is manu- 
factured by Messrs. Worthington- 

Fig. 21— Pump barrel and valve boxes Simpson, Ltd., in seventeen 

standard* sizes for boiler feeding, 
the smallest pump having a capacity of 72 gallons per hour at 40 double 
strokes per minute and the largest 15,000 gallons per hour at 14 double strokes 
per minute. For general service work ten standard sizes are made, the normal 
capacities ranging from 11,180 to 26,500 gallons per hour. 

In the 7-in. X 5-in. x 12-in. size and upwards, the suction and delivery- 
valve seats are formed in plates, which plates are separate from the pump 
casting and are arranged with valves, guards, and springs on one spindle. By 
this grouping arrangement the whole of the suction and delivery valve service 
for each side of the pump forms a complete unit, and therefore can be taken 
out for renewal or inspection with a minimum of time and trouble. 

POWER PUMPS 

When a pump is driven by means of a motor, engine, belt, or ropes through 
the medium of gears and cranks, it is termed a power pump. It may be of 
horizontal or vertical type, with one or more water cylinders, and be either 
single- or double-acting. 

The water discharged by a one-cylinder single-acting pump pr even a duplex 




Fig. 22.— Pl'mp piston of Pearn pump 


FiG. 23, — VERTif \L SIMPLEX PUMP {Worthington-Simpson, Ltd.) 
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single-acting pump must be intermittent and the flow from a triplex pump 
much more uniform. Three-throw pumps with cranks at 120° give a very smooth 
and uniform discharge, and any addition to the number of water cylinders 
would make little difference to the regularity of flow. 

Vertical Triplex Ram Pump, Four-bearing Type 

The triplex pump shown in Fig. 24 is constructed with either single- or 
double- reduction gears and for belt or motor drive. When arranged for direct 
driving the baseplate is extended and provided with a stool for the motor. 

Side frames are of cast iron of H section, with strengthening ribs in the 
centre. Angular pedestals are fitted on the side frames with gunmetal bearings 
to carry the countershaft. 

Two crankshaft pedestals are provided on the frames, and two inner 
pedestals are carried on the guide casting, reinforced by steel stanchions bolted 
to the baseplate. 



Fuj. 24.— -Vertical triplex ram pump, four-bearinO type 
(Lee. Howl & Co.. Lid.^ 
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Single-reduction^earing has the machine-cut spur wheel and pinion 3-5 to I 
ratio. Double-reduction gearing has the motor pinion of rawhide engaging 
with the machine-cut spur wheel on the countershaft. 

TABLE IIJ.— TYPICAL RAM PUMP SIZES. 


Single Gearing ami Double Gearing 


Diameter of rams in inches 

5 

6 

, 7 

« i 

8 

Length of stroke in inches 

6 j 

8 

i ^ 

8 1 

i 

12 

Capacity in gallons per hour 

3,820 

, 7!330 

1 9,960 i 

13,000 1 

17,585 

Revolutions per minute of crankshaft 

50 

i 50 

1 50 ! 

50 

45 

Diameter of suction and delivery in inches 

3i 

i 4t 

1 5 

6 

7 

B.H.P. for 600 ft. head . 

16-5 

! 30 

42 

I 54 

68 


Pumps of this type are constructed for heads up to 2,000 ft. The figures given 
above are for heads up to 600 ft. 

Horizontal Duplex Power Pump 

A horizontal duplex enclosed pumj) is shown in Fig. 25. This pump is 
suitable for debvering 1,500 gallons per hour against 200 lb. per square inch, 



Fig. 25.— a Hayward-Tyler enclosed duplex pump 


142 INSTALLATION, OPERATION AND MAINTENANCE 

single-acting pump must be intermittent and the flow from a triplex pump 
much more uniform. Three-throw pumps with cranks at 120° give a very smooth 
and uniform discharge, and any addition to the number of water cylinders 
would make little difference to the regularity of flow. 

Vertical Triplex Ram Pump, Four-bearing Type 

The triplex pump shown in Fig. 24 is constructed with either single- or 
double- reduction gears and for belt or motor drive. When arranged for direct 
driving the baseplate is extended and provided with a stool for the motor. 

Side frames are of cast iron of H section, with strengthening ribs in the 
centre. Angular pedestals are fitted on the side frames with gunmetal bearings 
to carry the countershaft. 

Two crankshaft pedestals are provided on the frames, and two inner 
pedestals are carried on the guide casting, reinforced by steel stanchions bolted 
to the baseplate. 



Fuj. 24.— -Vertical triplex ram pump, four-bearinO type 
(Lee. Howl & Co.. Lid.^ 
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The engine, which operates on the four-stroke principle, has a large oil 
sump, and is provided with forced-feed lubrication. Pistons are of heat-resisting 
alloy, and the cylinders aic fitted with detachable “wet-type” (water-cooled) 
liners of specially hardened material. 

Outputs of these pumping sets range from 80 gallons per minute against 
a head of 120 ft. to 3, (XX) gallons per minute at 15 ft. 

A typical belt-drive pump powered by a small diesel engine is illustrated 
in Fig. 26. 

Hydraulic Pumps 

Hydraulic pumps are used to supply water or other liquids under pressure in 
order to transmit power to presses, rams, and lifts, and for the many purposes 
^or which hydraulic pressure is required in modern industry. 

When large outputs are needed the direct-acting steam-driven reciprocating 
pump is frequently used, and for smaller capacities the power-driven three-throw 
ram type is more often adopted. The rotary pump has also been applied to this 
class of work with considerable success when the output is comparatively small. 

Hydraulic pumps arc often connected to a loaded ram or accumulator, 
which allows the pump to run more or icss continuously when the water from 
the accumulator is being used intermittently. 

A three-throw pump manufactured by Messrs. T. H. & J. Daniels, Ltd., 
is shown in Fig 27, 
with a sectional 
arrangement in Fig. 

28. It is designed 
primarily for use with 
an accumulator in the 
operation of hy- 
draulic presses. The 
drive may be arranged 
cither through a mul- 
tiple V-rope drive or 
by a motor thnjugh 
reduction gearing. 

The former arrange- 
ment is shown with 
the sectional drawing 
and the latter in tlie 
external view. 

The pump is in 
tended for a crank- 
shaft speed of 1(X) 
revolutions per min- 
ute and will deliver Fig. 27.— Three-throw hydraulic pump 

5-5 gallons per minute (r. H. & J. Danich, Ltd.) 
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Fig. 28.— Sectional arrangement of li-iN. diameter by 
3-in. stroke three-throw hydrauuc pump 

{T. H. & J. Daniels, Ltd,) . ^ 

at 1 ton per square inch pressure. Other sizes give capacities from 2*5 gallons 
to 25 gallons pei minute, all at 1 ton per square inch pressure. These smaller 
pumps can also be arranged to give li tons per aquare inch pressure. 

The frame, as will be seen, is a rigid one-piece casting, the pump bodies are 
bolted .to the base cross-connections, and the cylindrical crossheads work in 
the upper cross-connection. 

The crankshaft, which is machined from a steel forging, runs in large plain 
bronze bearings. This type of bearing is als6 used for the top and bottom ends 
of the connecting rods, except that the small-end bearings are of the bush type. 
The gudgeon pins are fixed in the crossheads. The main bearings are, ring 
lubricated, the shaft having oil-throw-off collars. 
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Fig. 29. -An Elfciraui'c axial-ph)nui;r pijmp 
{Towler Bios. {Pat^nts)^ Ltd.) 


Lubrication or the other components is obtained from a small pump 
mounted on the crankshaft end cover, and a drip tray under the crosshead 
returns the oil lo the suction tank. 

The pump bodies are independent and are of cast steel. The plungers are of 
stainless steel and work in bronze liners and glands. Their diameter is 1-5 in. 
and the stroke 3 in. 

The valves are of bronze and the seats of stainless steel. Three branch inlet 
and outlet manifolds are bolted to the bodies. 

All renewable parts are readily accessible, and the crankshaft and flywheel 
are fitted with easily renewable guards. 

High-pressure Electraulic Axial-plunger Pump 

Another intefest iig type t>f high-pressure pump suitable for supplying 
hydraulic machinery is the “Electraulic” axial-plunger pump which is illustrated 
in Figs. 29 and 30. Fig. 29 shows the external view whilst the internal details 
are illustrated in Fig. 30. 

Construction aVjd Operation.— The driving shaft (1) (Fig. 30) is a press 
fit in the swash member (3), and is supported in a roller-bearing journal (2), 
which is very lightly loadeJ, and whose sole function is to maintain the shaft 
and swash member in concentric alignment. The swash member (3) has an 
oblique face Qa) and a transverse face (3b). The end thrust of the swash member 
is taken by the film-lubricated thrust-washer (4) attached to the transverse face 
of the swash^ member. The wobble plate (5) is mounted on a short journal 
bearing (6) whose function is to maintain concentric alignment between the 
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holes. 

21b. Swash member^ axial 
• passage. 

(Towler Bros. {Patents), Ltd.) 
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Fig, 31. --'A 30-ton PORTAnir bear-type riveter powered by an Electraulic 

TANK-MOUNIED AXIAL-PLUNGER PUMP 

Wol king pres.>iire is 2 tons |^er square inch. (Towler Bros. {Patents), Ltd.) 


wobble plate and the swash member. The thrust of the wobble plate is taken 
by the film- lubricated thrust washer (7) attached to the oblique face of the 
swash member. The complete swash-plate m echanism is enclosed in a casing 
( ; 5), one end of the casing being closed by the stationary pump body (8), the 
other end of th; casing enclosing the driving shaft and being provided with 
an oilseal (16). 

The booster pump (18), a simple gear pump, is driven by flexible shaft (19), 
which is an extension of the driving shaft (1). The hydraulic oil passes from 
the pump reservoir, by the inlet pipe (20) to the booster pump, and thence by 
a passage (dotted) (18^^^ to the inlet manifold (14) of the high-pressure pump. 

The oil within the screen is replenished by that which leaks past the pump 
plungers, and, although liub leakage is minute, it is sufficient to renew the oil 
within the screen with reasonable frequency during the operation of the 
pump, thereby maintaining its lubricating quality. 

The high-pressure pump body (8) is stationary, and contains six axial 
plungers, three large plungers (9^), and three small plungers {%), which are a 
fine lap fit in their respective bores. The inlet valves (1 1) and discharge valves 
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FIG.“32.— A NITROGEN- 
LOADED ACCUMULATOR 
UNIT COMPLETE WITH 
Electrauuc pump and 

TANK (r. H. & J 
Daniels^ Ltd.) 

(12), of the self-acting 
mushroom type, are 
situated at the inner end 
of each pump bore. The 
inlet valves are in com- 
munication with the 
inlet manifold (14) and 
the discharge valves of 
the large plungers, with 
discharge manifold 
(\0a). The discharge 
valves of the small 
plungers are in com- 
munication with delivery 
manifold (10^). 

It will be seen (Fig. 
29) that the high-pres- 
sure pump plungers 
(9a and 9b) protrude 
from the pump body 
and the plunger ends 
make contact with 
the surface (5a) of the 


wobble plate. The plunger ends are specially shaped, spherical or quasiconi- 
cal, so as to provide a large radius of contact between them and the surface 
of the wobble plate. The driving shaft and" swash member (3) rotate, 
whereas the pump body (8)' is stationary, but the wobble pl^te (5) is made to 
rotate very slowly in a reverse direction to the driving shaft by means of bevel 
gear, one wheel being attached to the pump body and the other wheel being 
attached to the wobble plate. This geared wobble plate, in combination with 
film-lubricated thrust washers, enables the pump to be operated continuously 


at very high pressures without appreciable wear. A prototype pump has been 
operated for over 2,000 hours at a continuous pressure of 7,000 lb. per square 
inch without any measurable sign of wear. 

The combined unloading-relief valve 0 3) can be arranged to operate as a 
sustained pressure valve, in which case there is only a difference of 200-300 lb. 
per square inch between the predetermined pressure at which the large plungers 
are unloaded or by-passed and the maximum pressure at which pressureds sus- 


tained with the discharge of the small plungers blowing off at the relief valve. 
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Alternatively, the v^lve (1 3) may be arranged to operate the pump as a two-stage 
high-pressure pump, in which case there is a difference of 2,000 or 3,000 lb. 
per square inch between the predetermined pressure at which the large plungers 
are unloaded or by-passed and the maximum pressure at which the small 
plungers blow off at the relief valve. The booster pump (18) may be increased 
in capacity up to 10 gallons per minute (2,770 cub. in.) at 500 lb. per square 
inch, thereby providing low pressure for the rapid approach stroke of the 
press ram, with the addition of sustained pressure or two-stage high pressure 
for the pressing operation, as described above. * 

The unloading-relief valve i? adjustable, so that the maximum blow-off 
pressure may be varied at will to suit the pressing operation. 

CENTRIFUGAL PUMPS 

Centrifugal pumps can be broadly divided into two classes, under the head- 
ing of volute pumps, in which a volute or spiral-shaped casing surrounds a 
rotating impeller, or guide- vane pumps, where the liquid being pumped leaves 
the tip of an impeller and enters the vanes of a diffuser. A combination of the 
two systems is sometimes adopted for particular duties, but generally the volute 
type is employed when the volume of iiquid is large compared with the head 
and the guide-vane multi-stage pump, wuen the head is large in relation to 
the volume. 

In all cases pressure energy is obtained by the rotation of an impeller. The 
liquid entering the eye or centre ol the inipeller is thrown outward by centri- 
fugal force, and the kinetic energy developed is largely converted into pres- 
sure energy by the uniformly increasing area of the volute casing or by the 
duTusing vanes which prevent the dissipation of the kinetic energy. 


The Volute Pump 

The volute type of 
pump is largely used for 
irrigation, sewage, sand, 
gravel, circulation, and 
general-purpose* pump- 
ing. An outline oi this 
type is shown in Fig. 33. 
As will be seen, the im- 
peller blades are curved 
backwards away from tfie 
direction of rotation to 
reduce shock, and‘ the 
entry passages are de- 
signed to bring the liquid 
into the eye of the im- 
peller with the minimum 
disturbance. The volute 



Fig. 33 .— The volute pump 
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OUTLET 



Fig. 34.— The guide-vane pump 


area lias to be carefully 
proportioned, and also 
the relative size of the im- 
peller eye to the diameter 
of its periphery. 

Although the volute 
pump is simple in con- 
struction, so many varia- 
tions can be made in the 
details of its design that 
specialised knowledge and 
a considerable amount of 
practical experience are 
definitely required of the 
successful designer. 

The Guide-vane Pump 

A section through a 
guide-vane pump manu- 
factured by Messrs. 


Gwynnes Pumps, Ltd., is shown in Fig.34. This type is frequently termed a tur- 
bine pump, on account of its action being similar to a reversed reaction turbine. 

When the total head against the pump exceeds about 200 ft., the speed of a 
volute pump becomes excessive, and for that reason the guide-vane pump with 
impellers in series is mainly adopted. Multi-stage pumps have been constructed 


to work against pressure 


up to 2,000 lb. per square 
inch. 

Combined Volute and 
Guide-vane Pump 

An example of com- 
bined volutes and guide- 
vane passages is shown in 
Fig. 35. This type was 
designed and uS'ed in the 
single-stage Gwynne pres- 
sure pump shown in Fig. 
36. This pump gives an 
output of 17,600 gallons 
per minute against a total 
gauge head of 164 ft., at 
750 revolutions per 



minute, and with 83 per Fig. 35.— Combination of volutes and guide-vane 
cent, efficiency. TASSAOEsliGwynnes Pumps, Ltd,) 
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Fig. 36.- -A single- 
si age Gwynne pump 

Output, 17,600 gallons 
per minute. 


Pump Inlet Passages 

The.se take ma’o' forms, and may be single or double entry. When guide 
vanes are omitted, the liquid passes directly into the whirling chamber of the 

volute casing through a filling ring. A 
section through a double-flow volute pump 
is shown in Fig. 37. 

Impellers and Dilfuser Rings 

The d 'sign of the impeller is dependent 
upon the type of pump, its duty and per- 
formance under working conditions. The 
actual forms differ according to the ex- 
perience of the various pump manufac- 
turers, and generally are of the open 
type, as in Fig. 38, or shrouded, as in 
Fig. 39. 

Both impellers and diffuser rings are 
subjected to severe corrosive and erosive 
action and are frequently made in Monel 
or other special alloys. A group of Monel 
impellers and diffuser rings for turbo-feed, 
electro-feed, extraction, and circulating 
pumps will be seen in Fig. 40. 


OUTLET 



Fig. 37.— Section through a volute 
PUMP with double flow 
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Fig. 38. — Open-blade impeller impeller 

Characteristic Curves 

The >characteristic curves of a centrifugal pump show the relationship ot 
head, power absorbed, efficiency, and corresponding outputs at constant speed. 
These are obtained from actual tests, and are plotted from readings and 
measurements taken with the discharge varying in quantity from zero to the 
maximum output. 

Having obtained curves for a given speed, it is possible to construct similar 
curves over the range of duties to be performed by the pump by applying the 
laws relating to centrifugal pumps and fans. These are: (1) Volume is directly 
proportional to the speed; (2) the head is proportional to the square of the 
speed ; (3) the power absorbed is proportional to the cube of the speed. 



Fic. 40.— A GROUP OF Monel impellers and diffuser rings 









Fig, 42 .— Mglti-staoe turbine pump 
{Mather & Platt, Ltd.) 
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Fig. 43. — Section through GENERiVL-puRposE pump 
The list of parts is given on page 158. {Mather & Platt, \Ltd.) 
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List of Parts of General-purpose Pump shown in Fig. 43 


Ref- 

erence 

No. 

Description 

Material ! 

Ref- 

erence 

No. 

Description 

Material 

S 

Thrust-bearing Cage 

T.P.B. ; 

47 ! 

Oil Lid (Spring Hinged) 

Steel 

10 ! 

Thrust Bearing 

Steel 

49 

Impeller Key 

M.S. 

19 ! 

Dust Cover 

Brs. 

54 

Coupling Key 

M.S. 

23 : 

Bearing Bush (Split) 

B.B. 

57 

Packing 

Graphite 

24 : 

End Cover 

C.L 

63 

Sleeve (Driving End) 

T.P.B. 

25 

Gland Studs 

,W.T. 

64 

Sleeve Nuts (Driving End) 

T.P.B. 

26 

Gland (Split) 

Brs. 

65 

Sleeve (Back End) 

1 T.P.B. 

29 

Casing (Bottom Half) 

C.L 

66 

Sleeve Nuts (Back End) 

i T.P.B. 

30 

Casing (Top Half) 

C.L 

84 

Spindle 

; T.P.B. 

31 

Impeller 

T.P.B. 

103 

Bearing Housing 

! C.L 

32 

Neck Ring 

B.B. 

104 

Bearing Cap 

C.L 

40 

Waterseal Valve 

G.M. 1 

251 

Thrust-bearing Locknut 

M.S. 

44 ! 

Logging Ring 

Brs. 1 

272 

Locking Ring 

1 M.S. 

46 

Oil Ring 

Brs. i 

353 

Hexagon Plug 

1 W.I. 


Abbreviations— C.\., Cast Iron. M.S., Mild Steel. T.P.B., True Phosphor Bronze. 
W.I., Wrought Iron. Brs., Brass. B.B., Bearing Bronze. G.M., Gunmetal. 


List oi Parts of Multi-stage Turbine Pump shown in Fig. 44 


Rej- 

erence 

No, 

Description 

Material 

Rej- 

erence 

No. 

Description 

Material 

2 

Coupling Pins 

M.S. 

65 

Back-end Sleeve 

T.P.B. 



Rubber 

66 

Back-end Sleeve Nut 

T.P.B. 

3 

Coupling Bushes ^ 

Brs. 

69 

Neck Bush 

B.B. 



i Lined 

70 

Balance Valve 

T.P.B. 

5 

Distance Sleeve 

M.S. 

71 

Seating and Bush 

B.B. 

19 

Dust Cover 

1 Brs. 

72 

Guide Tips 

T.P.B. 

22 

Journal Bearing 

C.L 

74 

Delivery Cover 

C.L 

23 

Bearing Bush 

B.B. 

75 

Balsncc-valvc Cover 

CM. 

26 

Gland (Split) 

Brs. 

76 

Partition Plate 

C.L 

31 

Impeller 

• T.P.B. 1 

77 

Middle Body , 

CM. 

32 

Neck Ring 

B.B. 

84 1 

Spindle 

M.S. 

40 

; Waterseal Valve 

G.M. 

86 I 

Balance-valve Key 

M.S. 

41 

Suction Cover 

' C.l. 

88 ! 

Main Bolts 

M.S. 

44 

Logging Ring 

Br.>. ,1 

93 j 

Oil-level Gauge 

Brs. 

46 

i Oil Ring 

Brs. I 

263 

1 Sleeve Key 

M.S. 

47 

' Oil Lid 

Steel 

272 

Locking Washers 

M.S. 

48 

Air Cock 

G.M. 1 

275 

; Coupling Nut 

M.S. 

49 

Impeller Key 

M.S. ' 

276 

Flexible Coupling (Pin 

54 

Coupling Key 

' M.S. i; 


HalO 

C.L 

57 

Packing 

Graphite! 

277 

Flexible Coupling (Bush 

63 

! Driving-end Sleeve 

i T.P.B. 1 


Half) 

C.L 

64 

Driving-end Sleeve Nut 

T.P.B. j 





Abbreviations, — C.L, Cast Iron. M.S., Mild Steel. B.B., Bearing Bronze. T.P.B., True 
Phosphor Bronze. Brs., Brass. G.M., Gunmetal. 
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Fig. 47.— Single-stage pump 
{Pulsometer Engineering Co., Ltd.) 

List of Component Parts— \. Bottom half-casing. 2. Top 
half-casing. 3. Gland drain boss. 6. Air cock, 1. Priming 
plug. 8. Neck bush. 9. Gland. 13. Relief pipe. 14. Ball-bearing 
housing. i5. Roller-bearing housing. 16. End cover (ball 
bearing). 17. End cover (roller bearing). 18. Ball-journal 
bearing. 19. Roller-journal bearing. 20. End plug (ball-bearing 
cap). 21. Nipples for grease lubrication. 23. Slip rings. 
24. Impeller (suction). 25. Impeller (delivery). 26. Spindle. 
27, Impeller key. 28. Coupling key. 29. Locknut (spindle). 
30. Locknuts (coupling). 32. Sleeves (impeller). 33. Sleeve 
(coupling). 34. Disc throwers. 35. Centre bush. 36. Half- 
coupling. 37. Packing. 

Multi-stage High-lift Pump 


The impeller is of 
the double-entry type, 
which is in hydraulic 
balance, the shaft 
being located axially 
by a ball bearing. 

Split glands give 
easy access to stuffing 
boxes, and an extend- 
ed cowl with large 
drainhole at bottom 
eliminates water 
throwing. 

The characteristic 
curves are shown in 
Fig. 46. The efficiency 
is well above 80 per 
cent, at normal out- 
put, and power is self- 
regulating or non- 
overloading. 

Twenty-feel suc- 
tion lift is obtainable 
at normal output, and 
a greater lift when 
working at a less 
output. 


The multi-stage pump illustrated in Fig. 42 is built up in one to ten stages, 
according to the head. Frequently it is necessary, for considerable heads, to 
divide the pump into two units working in series and driven in tandem by a 
prime mover between them. 

The middle body, as will be seen from the section given in ,Fig. 44, is made 
up of sections of impeller stages, secured together by longitudinal bolts 
between the end covers. One end cover comprises the suction branch through 
which the water enters the pump, the head being generated in each successive 
stage and finally discharged through the delivery cover at tjie other end. 

The impellers are of single-entry type, and the hydraulic end thrust, which 
is usually very considerable, is taken up by the balance-valve device. They are 
of bronze or cast iron, turned and bored to gauge. Each impeller is keyed and 
fitted to the impeller shaft on its own individual key. 


Guide Passages 

Gradually divergent passages lead from the periphery of each impeller to 
the eye of the following impeller. The spiral form of these passages ensures 
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minimum loss aijd 
maximum conver- 
sion of kinetic 
energy. 

Typical charac- 
teristics are given in 
Fig. 45. It will be 
noted that the head 
at zero gallons is 
higher than at nor- 
mal quantity, thus 
ensuring the pump 
will start pumping 
without difficulty. 
Also that the effi- 
ciency curve has a 
very wide range, 
being over 75 per 



Fig. 48. — Two-stage pump 
{Pulsometer Engineering Co., Ltd.) 


cent, from 550 gallons per minute to o'-er 950 gallons per minute. 


This type of pump has a very wide field of application, such as boiler 
deeding, hydiaulic service, colliery drainage, water supply, and the oil 


industry. 

Another type of horizontally split-casing pump by the Pulsometer Engineer- 
ing Co., Ltd., is shown in section in Fig. 47. This is a single-stage pump dis- 
charging into a volute casing. 

The pump ha'’ a double-inlet 
hydraulically balanced and 
shrouded impeller with a casing 
split on the horizontal centre line. 

The suction and discharge 
branches are on the bottom half 
of the casing, one on each side, 

« and pointing in a horizontal ^ 
I direction. 

- The pump can be arranged 
I right or left handed by turning 
I the casing with impeller round 
I and reversing the shaft. 

^ The shaft is supported by a 
roller bearing at the coupling end 
ft and a double-purpose ball bearing 
at the opposite end. The bearings 
' arc held axially by covers in solid 



GlkUONS PER MINUTE 

Fig. 49.— -Characteristic curves of 

SINGLE-STAGE PUMP 


housings, and the housings have 
turned flanges with spigots which 
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fit.into recesses in the 
pump casing to 
ensure automatic 
alignment. 

Two-stage Pump 

The two-stage 
pump shown in sec- 
tion in Fig. 48 is 
similar in general 
construction to the 
single-stage pump, 
but has two impellers 
of the single-inlet 
type, made right and 
left handed and 
mounted on the shaft 
back to back. By this 
arrangement the 
hydraulic thrust is 
balanced and slip 
rings are only fitted 
on the inlet side of 
the impellers. The 
discharge from the 
first impeller is carried 
through a passage on 
the top of the pump 

to the eye of the second impeller. Lantern rings are arranged in the neck 
Bushes, connected together by an upper pipe, thus providing a pressure seal 



Fkj. 50.— Split casing pump with covf.r rlmoved 
(Ruston die Hornsby, Ltd.) 


Fro. 51.— MfTHOD OF 

REMOVING IMPELLER 
FOR CLEANING 
PURPOSES 

{Ruston & Hormby, 
Ltd.) ■ 
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on the first-stage stuff- 
ing box and relieving 
the pressure behind 
the stuffing box of the 
second stage. This 
type of pump covers 
heads up to 500 ft. 

Typical character- 
istic curves are shown 
in Fig. 49. 

The pump in Fig. 

50 is intended for 
heads up to 180 ft. 

The impeller is of the 
double-inlet shrouded 
type and is normally 
made of cast iron. 

End movement is pre- 
vented by the stuffing- 
box bushes. The vari- 
ous components are clearly shown in the illustration. 

Another t; pe, also by Messrs. Ruston & Hornsby, Ltd,, will be seen in 
Fig. 51 . This is designed for heads j’p to 3^ ft., and is provided with a removable 
cover, by means of which the impeller can be withdrawn, inspected, and cleaned. 

Characteristic curves are shown in Fig. 52. A high efficiency is obtained 
over a wide range in output. 

Condensate Pumps 

Condensate pumps are built for high-vacuum service handling condensate, 
chilled water, and similar low net positive suction-head applications. They 
can be designed for either indusirial or marine uses. 

Among the principal features of these pumps may be mentioned the follow- 
ing : impellers v. ith large suction areas : extra-deep stuffing boxes under discharge 
pressure and arranged for external seal; shaft sleeves packed to prevent air 
leakage and oil-lubricated ball bearings. The pumping units are manufactured 
for capacities up to 4,000 gallons per minute and for heads to 600 ft. or 
more. 

The horizontal* pQmp shown in Fig. 53 is manufactured by Ingersoll-Rand 
Co., in four standard sizes of capacities up to 1,000 gallons per minute and 
heads up to 230 ft.* A range of horizontal pumps is available for capacities 
of 4,000 gallons per minute and heads up to 575 ft. These pumping units are 
also suitable for heater-drain service, where condensate temperatures are 
200° F. or below. 

Vertical condensate pumps are particularly suitable for applications where 
limited available net positive suction head would necessitate extremely large. 



Fig. 52. — rn^RACXERisiic ciiRvts for two-stage pump 


EFnCIENCY ’A 
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low-speed horizontal pumps. They are also ideal in situations where floor space 
is at a premium. These pumps are of the vertical turbine type, with mix-flow 
impellers. The pumping element is enclosed in a shell which forms the suction 
well. This shell is installed below the floor line. Available suction head is, 
therefore, the distance between the water level in the condenser hotwell and 
the first-stage impeller which is at the bottom of the pump. The pump shell and 
discharge column can be furnished in a length suitable for the net positive 
suction-head requirements. There is only one stuffing box which is under dis- 
charge pressure. The suction nozzle is located at Jhe top of the unit, but it may 
be provided on the barrel below the floor mounting plate if underground suction 
piping is required. Because of the vertical construction these units are self- 
venting. 

The type of pump described above is manufactured by Ingersoll-Rand 
Co., for capacities to 1,500 gallons per minute and heads to 575 ft. 

CENTRIFUGAL WELL AND BOREHOLE PUMPS 

The development of centrifugal pumps for wells and boreholes has been very 
remarkable during the past fifteen years, ai d these units have proved most 
reliable under the exacting service demanded by waterworks and similar 
undertakings. 

It IS interesting to examine the circumstances which are responsible for this 
development. Until the introduction of the centrifugal pump, most waterworks 
obtaining their supplies from deep water bearing strata relied upon plunger 
pumps installed in wells and boreholes, and generally driven by steam engines. 
These units were highly efficient and dependable. Some, indeed, have been in 
service for nearly a hundred years. 

Most engineers arc familiar with steam-engine-driven pumps, and their 
workmanship especially is remarkable when it is considered that at the time of 
their manufacture high-precision machine tools were not available, and a good 
deal of the work spent on them was hand labour. Unfortunately, in spite- of 
thei^ high efficiency, the cost of installation, ^’Oth from the point of view of the 
liiachinery itself and building^, is to-day prohibitive, and the centrifugal pump 
has the great advantage that for a given size of borehole or well it can discharge 
greater quantities of water than the plunger type of pump. 

The centrifugal pump is able to accommodate itself in the fullest degree to 
operation by modern high-speed prime movers, thus assuring relatively low 
cost of the machinery, and permitting small buildings to be used with light 
foundations. 

It is true that although the efficiency of the centrifugal pump has sub- 
stantially improved durhig recent years, the plunger pump still remains the 
more efficient of the two types. Modern practice, however, assigns a life to 
machi lery which is shorter than that contemplated by the pioneer manufacturers 
of steam reciprocating pumps, so that from an economic point of view the 
effect of lower power costs when considered in conjunction with capital charges 
is not overwhelmingly less in favour of the plunger pump. 

F.w.p. rv— 6* 



166 INSTALLATION, OPERATION AND MAINTENANCE 
Advantages of the Centrifugal Pump 

The centrifugal pump has the advantage that maintenance charges are 
extremely low, since it is seldom necessary to withdraw a centrifugal pump for 
repair unless the water is very sandy, and many centrifugal well pumps and 
borehole pumps have been running from ten years to fifteen years without 
repair and without showing marked loss of efficiency. 

Type Adopted 

As far as the actual pum^ is concerned, the type used for deep well and 
borehole installations presents no special features of design, most manufacturers 
utilising multi-stage turbine pumps or multi-stage single-suction non-diffiuser 
pumps modified for vertical operation. 

Power Transmission 

Two systems of power transmission are in use: one in which the pump fs 
driven by means of a transmission shaft operated by a driving head on the 
surface, and the other in which the transmission shaft is eliminated and a sub- 
mersible motor, built up as a unit with the pump, is employed. In the former 
system the pump is suspended at the desired depth in the well or borehole by 
a steel rising main made up in short lengths, and the pumpshaft is connected to 
the prime mover by an intermediate transmission shaft, which is housed in the 
rising main itself, the bearings being supported by sandwich plates bolted 
between each length of rising main. 

The suspension main, with its internal shafting, is bolted to a substantial 
wellhead baseplate, carried on girders or sometimes on concrete foundations, 
this baseplate forming a mounting for the pedestal which supports the prime 
mover, or, in the case of engine-driven plant, the gear. To the suction flange of 
the pump is bolted the suction pipe and strainer, and in some cases a foot valve. 

Foot Valve 

Usually in boreholes and wells, when pumping ceases, the water level rises, 
sometimes considerably above the pumping level which obtains when the plant 
is delivering at its rated capacity. In these circumstances it is not necessary to 
fit a foot valve, as when the pump is started it is primed and will pick up water 
instantly. Sometimes, however, it is necessary to start the pump with the 
water level below the pump itself, and for these conditions a foot valve is 
necessary. 

Another reason for omitting the foot valve is that with motor-driven plant, 
the run-back action caused by the reversal of flow in the rising main of the 
pump when the power is switched off is of value in the case of water containing 
sand, as it washes out any sand that may have accumulated in the water p: ssages 
of the impellers, guide rings, and clearance spaces ; whilst with a foot valve the 
column is static when the pump is stopped, and there may be some settlement 
of sand, which is liable to cause wear. 
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Special Considerations 

The following points need careful attention in preparing designs for centri- 
fugal well and borehole pumps: 

(a) The rising mains are usually made up of welded steel pipes with welded 
steel flanges, and special precautions are necessary to ensure that the welds are 
perfectly sound. A rising main fracture might cause the pump assembly to drop 
in the well or borehole, which might prove a costly matter to rectify. 

(b) The transmission shaft between the pumpshaft and the prime mover 
must be proportioned so that there is no possiljility of the shaft running on a 
critical speed. Special care in this respect is needed when the prime mover is a 
variable-speed machine. Some pumps are designed to run through the first 
critical speed, but this is not considered good practice, although it may be 
necessary on occasions. 

(c) The bearing material for the transmission-shaft intermediate bearings 
must be carefully chosen. Usually bearings arc made of lignum vita:, although 
rubber bearings have been used with great success, and some manulacturers 
even employ special bronzes. 

In each case water is relied upon as ihc luoricating medium, and where the 
water is sandy, special precautions \m\A be taken to maintain a filtered water 
supply to the bearings, except in the case ot rubber bearings, which arc not 
considered to be alTected by sand. 

When ligm.m vitie is used, the bearings, together with the shafting, are 
usually enclosed in a steel-shaft im.nel to ►v'hich filtered water is supplied at a 
pressure in excess of that in the external main, so that if the shaft-tunnel joints 
leak, there will be a leakage of clean water into the main, and not a leakage of 
impure water from the main into the shaft tunnel. 

Combined Borehole Pump and Force Pump 

When a combination of borehole pump and force pump are mounted in 
the same assembly, a tapping is taken from the force-pump discharge, the water 
so obtained being passed tliiougii a filter oT the duplex type before its intro- 
duction into the shaft-tunnel compartment. 

Where the external head is insufficient to boost up lubricating water to the 
liecessary pressure a separate, pump is employed. This may be incorporated in 
the main pump assembly or, as is more usual, a separate motor-driven pump 
is supplied. 

(d) Couplings must be designed so that they are readily assembled or 
dismantled withouf damage to the components. To give the smallest possible 
diameter, muC couplings are employed. The design of these varies with the 
manufacturer, but all S.i v . devoted a great deal of thought to the subject. 

(e) The automatic balancing valve associated with the turbine pumps is very 
rarely used for well or borehole pumps, since it is liable to wear and may need 
replacement if the water is sandy, and this could only be done by withdrawing 
the pump from the well or borehole. Usually the thrust is taken by a thrust 
bearing fixed in a pedestal, which is bolted to the baseplate at the wellhead. 
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For small pumps it is sometimes possible to use with success ball bearings, but 
for larger pumps, where the hydraulic end thrust of the single-suction impellers 
is considerable and the weight of moving parts to be sustained is high, a 
“ Michell ” thrust bearing is usually provided. 

Some manufacturers use a hydraulically balanced pump and provide a light 
thrust bearing to take the weight of the moving parts. 

(/) When pumping plant has to be installed in deep boreholes, it is import- 
ant that careful calculations should be made to gauge accurately the stretch of 
the rising main and the pumpshaft with its transmission shaft, so that the 
impellers may be correctly located in the casing. Incorrect calculations and 
setting of the impellers may cause considerable damage, for the impellers may 
sit on the bottom of the casing, in which case the transmission shaft is in com- 
pression instead of tension, or, vice versa, they may be pulled up too high, 
resulting in excessive thrust. 

It is important that the method of setting the impellers should be one which 
gives an accurate adjustment with close control. 

The Head against Pump 

In those cases where the external head is considerable, it is economical to 
provide a number of stages in the borehole or well sufficient to deliver the water 
to the engine-room floor level, introducing just below floor level on the same 
transmission shaft a turbine pump of sufficient stages to deal with the external 
head. This force may be inverted so as to partially balance the hydraulic thrust 
of the well or borehole pump, thus relieving the load on the thrust bearing 
considerably. It must be appreciated that the power absorbed by the thrust 
bearing is not inconsiderable, and it varies almost directly as the speed. 

Under some conditions of operation a combined assembly is not practical 
from the point of view of service conditions, and in such cases it is usual to 
provide a separately driven force pump. 

Loss of Power in Shafting 

The loss of power in shafting, couplings, bearing, and thrust bearings is 
important, especially in the 'case of pumps where the water horse-power is 
small. Under such conditions the power losses of the shaft, etc., may be a high 
proportion of the- total power demanded of the prime mover. In fact, it is the 
ratio of useful work to total power which determines the limits of usefulness of 
the centrifugal type of pump for these installations. 

Nevertheless, centrifugal pumps are frequently installed in small boreholes 
when transmission thrust losses are high, on account of their reliability and the 
fact that they will work for much longer periods than plunger pumps without 
attention when the water is sandy. 

Method of Driving 

Pumps may be driven by vertical direct-current or alternating-current 
motors, in which case they are directly coupled through a flexible coupling to 
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the transmission ^aft, the motor being bolted to the thrust pedestal; or they 
may be driven by steam or diesel engines, when gears are employed to secure 
the right-angle drive and to allow suitable adjustment between the engine 
and the pump speed. 

Vertical steam turbines have been used with great success as prime movers. 
They are the geared type, being mounted directly above the transmission shaft 
and flexibly coupled to it, a similar assembly to the motor-driven plant. Vertical 
condensers have been developed which snug up to the turbine and result in a 
great saving of floor space. 

Electric Drive 

Constant-torque machines, such as the electric motor and turbine, introduce 
no difficulties with regard to resonance and torsional vibrations, but where 
reciprocating engines are employed, careful calculations have to be made to 
ensure that trouble due to overrunning the speed of the unit will not arise. 

Diesel Drive 

Where diesel engines are employed, th^ use of the multi-cylinder engine 
giving the smallest possible cyclic irrcgu’arity is recommended, and care must 
be used in the choice of the flexible coupling between the shaft and the slow- 
speed shaft ot' the gearbox, since a well-designed coupling is able to provide 
a substantial uamping effect. 

System for Several Boreholes 

In some installations the boreholes from which the water is drawn are 
scattered over a comparatively large area, and under these conditions it is 
usual to adopt a diesel electric drive. A central building houses the generating 
plant, and small pump houses are erected over the boreholes, in which are 
installed motor-driven plant. 

The power is transmitted from the generating station to each of the bore- 
holes, and the switch gear is arranged in the engme room, and is of such a type 
as will allow remote starting, stopping, and speed control from the generating 
station. , 

Centrifugal deep-well and borehole pumps will run continuously with no 
more attention than an occasional examination of the oil level of the thrust 
bearing, and for electrical machinery methods are available to shut down the 
plant automatically in case of failure of one of the essential functions on which 
their running depends. 

Automatic Arrangements lor Emergencies 

The automatic features usually provide for the following emergencies : 

(a) Failure of water supply in well or borehole. 

(h) Failure of lubricating water supply to transmission shaft bearings. 

(c) Excessive temperature of thrust-bearing oil. 

{(i) Excessive temperature of motor bearings. 
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PUMPS AND PUMPING 

The plant may J^e shut down if there is a falling off in the yield of water, 
resulting in the water level falling below the pump, by a simple electric device 
operated by the water-level indicator, contacts being connected electrically to 
an interlock on the motoi starter. 

Failure of the transmission-shaft bearing lubricating supply, whether it be 
on the inlet side to the filters or on the outlet side from the filters, might damage 
the bearings, and to avoid this a pressure switch is provided which is interlocked 
with the motor starter, and will cut off the current supply to the motor if the 
pressure rises unduly, owing to clogging of the, filters when the water supply 
becomes restricted, or if it drops, due to obstruction or fractured pipe on the 
inlet supply to the filters. 

To prevent damage to the plant from excessive temperature of the thrust 
bearing or motor bearings, thermostats are provided interlocked with the motor 
starter and set to shut down the motor if a predetermined temperature is 
exceeded. 

The dependability of centrifugal well and borehole pumps will be under- 
stood when it is considered that pumps are often installed with shafts exceeding 
^Q0 ft., and are capable of running contii uously day and night for years 
without serious wear or loss of efficiency v'ith a speed of over 1,400 revolutions 
per minute. 

These pumps have been installed in large numbers, not only in waterworks, 
but in factoric >, plantations, and mines. In the last named they are often in- 
stalled in a disused pit shaft, which is used as a collecting sump for the active 
workings of the mine, and saves great expense, since all the working machinery 
is above ground level and the cost of sending down regular shifts for attending 
the pumps is avoided. In one case a pump of this type was operated auto- 
matically, being inspected once a week only. 

A general arrangement and sectional arrangement of a typical diesel- 
engine-driveri well-pump installation are illustrated in Figs. 54 and 55. The 
plant is designed to deliver 25,000 gallons of water per hour from a depth of 
305 ft. below engine-room floor level, agains- an external static head of 127 ft., 
a total head including friction of 437 ft. 

Five stages the pump are suspended from just over 290 ft. of rising main 
from the wellhead, and just below delivery head a two-stage force pump is 
fitted. The suspension main is 9 in. internal diameter, the bearings being spaced 
6-ft. 9-in. centres. 

The pump^ run,at a speed of 1,200 r.p.m., and the power required to drive 
them, including gear and other losses, is 84 b.h.p. The drive is transmitted from 
the engine shaft to the pump transmission shaft by a totally enclosed spiral 

bevel gear. • r 

The prime mover is a five-cylinder engine having a continuous rating of 
no b.h.p. at 350 r.p.m., and the fuel consumption per w.h.p. works out on 
average running conditions to O' 57 lb. 

The pumps are of the turbine type fitted with guide rings, each sthge building 
up a definite increment of head of 62*5 ft. 
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Fio. 55 . — Sectional arrangement of borehole and force pumps 
{W. H. Allen, Sons & Co., Ltd.) 
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Thrust 

The hydraulic thrust of the force pump is opposed to that of the borehole 
pump, so that when the pump is running up to speed the Michell thrust bearing 
situated in the wellhead pedestal is relieved of practically all its load. 

The engine is started by compressed air, an air receiver of sufficient capacity 
to give four to five consecutive starts being provided, together with an engine- 
driven compressor for recharging. The compressed-air system operates on a 
pressure of 300 lb. per square inch. 

Fuel Tanks 

A day-service fuel tank is mounted above the engine, fuel falling by gravity 
into a Duplex filter, from which it is distributed to the fuel pumps. The tank 
holds a sufficient supply of fuel oil to enable runs of twelve hours to be made at 
full load without replenishing. A 10-ton fuel tank gives a bulk supply of oil, 
transfer from the main storage tank to the day service tank being made by a 
scmi-rolary hand-operated fuel-transfer pump. 

Engine-jacket Water 

The engine-jacket water is obtainea from an overhead tank, fed from a low- 
pressure main under ballcock control, ihe hot water being returned to an 
adjacent reservoir. Modern practice is to maintain a comparatively high inlet- 
cooling water icmperaturc, and to give some control in this respect a preheater 
is fitted, heat beimi taken from the vxhaust system. 

The plant illustrated was manufactured by Messrs. W. H. Allen, Sons & Co., 
Ltd., and is installed in a waterworks near London. It is extremely economical 
in running and has proved absolutely dependable. 

Submersible Borehole Pumps 

One of the latest developments in borehole pumping machinery, as applied 
to boreholes and mineshafts, is a pump in which the vertical driving spindle is 
eliminated, the motor being made submers hie and built up as one unit with' 
^he pump. This wet motor pump is designed to raise water from great depths in 
the simplest aiuj most efficient wav. 1 he installation is simple, inexpensive to 
install, maintain, and run. 

No pumphouse is needed to protect the submersible pumping unit. The 
headpiece from which the rising main pipe and unit are suspended can be 
placed in a pit imnjediately under the surface, and floored over with a manhole 
cover as chequer plating, so that the floor space above the pumping unit can 
be put to normal use. 

The general arrangement of a Hayward-Tyler “Electromersible” pump is 
shown in Fig. 57, and the sectional arrangement in Fig. 56 reveals the details 
of its design. 

The centrifugal pump portion of the unit consists of multiple stages, each 
comprising an impeller (of the radial flow type), a guide vane, and a return 
guide ring. The impellers are mounted on a stainless-steel pump shaft with 
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Fio. 55 . — Sectional arrangement of borehole and force pumps 
{W. H. Allen, Sons & Co., Ltd.) 
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A high-duty llyust 
bearing of the water- 
lubricated tilting-pad 
type, similar to the 
Michell bearing and 
having a self-aligning 
seat, is located at the 
foot of the motor. This 
bearing is capable of 
taking the pump thrust 
as well as the weight of 
the rotating assembly, 
and thus makes hy- 
draulic balancing of the 
pump unnecessary. 

The current sup- 
plied to the motor is 
jarried to it by a 3-core 
C.T.S. cable supported 
by the rising main and 
(dipped to it bv means of adjustable clips. The rubber cable is readily attached 
to and detached from the motor leads by means of three single-pole water- 
proof cable couplings which embooy copper split connectors. 

]’o limit the starling current in compliance with local requirements, auto- 
transformer starters arc normally used with wet motors of 4 h.p. or more. These 
starters, in addition to preventing high supply-line starting cm-rents, usually 
incorporate a number of motor protection devices. It is usual to fit an ammeter, 
as this will give a good indication of how the motor is operating. 

The switchgear mav be either of manual or automatic type, and, with the 
latter, variations in the level of the water in the reservoir or borehole can 
control the starting and stopping; the instahation will thus require no super- 
\ ision, and the motor will never operate in a dry borehole. Alternatively or 
additionally, tin^ clock, pressure control, or remote push buttons can be 
incorporated in the control circuit. 

The “Electromersible” pump is made by Messrs. Hayward-Tylcr & Co., 
Ltd., in some fifteen standard sizes, suitable for boreholes over 8 in. inside 
diameter. 



Fk;. 58.— a Drum pump 
(hnmt Lnghwetin^ Co., Lid.) 


ROTARY PUMPS 

The term “rotai’y pump” is usually applied to a pump in which a rotor 
actuates pistons, plungers, drums, or gears, and displaces liquids by positive 
action. They arc most compact and usually without valves, and are mainly 
used for pumping small quantities of liquids against large heads or com- 
paratively large quantities of liquids against low heads. Rotary pumps are 
constructed in many designs, and are utilised for such work as circulating water 
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Fio. 55 . — Sectional arrangement of borehole and force pumps 
{W. H. Allen, Sons & Co., Ltd.) 
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high suction capacity, 
while the enclosure of 
the rotors is such that 
motion of the fluid 
takes place largely in an 
axial direction, hence 
the actual velocity of 
inlet or expulsion 
barely succeeds the 
peripheral velocity of 
the rotors. These pumps 
arc made in eight sizes 
and operate at speeds 
of 100 r.p.m. to 1,500 
r.p.m. with a normal 
discharge of 0-53-1,500 
gallons per minute and a 
lange of pressures up to 
300 lb. per square inch. 

The actual discharge of a pump depmds upon the volumetric efficiency 
obtained at a given pressure and speed of operation, and is influenced also by the 
viscosity of the iquid. The curve given in Fig. 61, showing maximum pitch-line 
•. elocities for viscosities up to 10,000 econds Redwood, should therefore be taken 
into account when determining the size and speed of pump for a given duty. 

Another type of pump is designed to deal with large quantities of fluid at 
rclativel> low pressures, being paiticularly suitable for use in the lubrication 
systems of gear units and for machine-tool lubrication and coolant supply. 
There are two sizes, with two arrangements of the smaller size, all of them 
designed to operate against a maximum pressure of 25 lb. per square inch. Rateof 
discharge ranges from u-G to 2 gallons per 100 revolutions, and speeds from 
300 to 1,200 r.p.m. Fig. 60 illustrates this particular type. 


Fici. 62 . — Roller pump 
{Dmm Engineering Co., Ltd.) 


Roller Pump 

A positive displacement lollei pump is shown in Fig. 62. Two sets of 
rollers are used, which are marked A and B. The B rollers are termed “pushing 
rollers,” and are fixed to the rotor and turn with it; they push the rollers in 
between them which are loose. When the pump is revolving, the loose rollers 
fly out to the periphei-y ol the pump and, due to eccentricity of the rotor 
centre to the CwHtre of the casing, adjacent rollers approach and recede from 
each other. This produce-, i lie pumping action, and by arranging suitable ports, 
the liquid is drawn into and discharged from the pump. 

Rotary Pump with Automatic Stroke Control 

The Hele-Shaw Beach am rotary pump with automatic stroke control is 
used in conjunction with a ram or piston for operating presses, lifts, cranes, and 
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Longiludinal section of pump. Section of pump, end elevation. 

Fig. 63.— Rotary pump with automatic stroke control 
{Greenwood & Batley, Lid.) 


machine tools, and in conjunction with hydraulic motors for operating hydraulic 
variable-speed gears. The normal running speeds are high, and the pump can 
be directly coupled to an electric motor without the intervention of any form of 
gearing. The high speeds and the use of three or five cylinders of small capacity 
give an even flow on the delivery side of the pump. This type is being used in 
extruding operations under pressure, when detectable pulsations would spoil 
the finished work, and also in the operation of testing machines, the pump 
being directly connected to the hydraulic cylinder containing the ram and 
eliminating any form of hydraulic accumulator. 

An important feature is the variable delivery from zero to the maximum 
capacity of the pump, and the .reversal of flow without slopping the pump or 
changing its direction of rotation. The variable delivery may be effected by 
hand control or may be governed by the pressure in the pipeline or container 
into which the pump is discharging. The automatic stroke control is also 
important, in that it allows the pump to discharge at long periods, without 
attention, into pressure systems, with the knowledge that the pump is only 
using sufficient power to maintain the required pressure without exhausting 
against a safety valve. 

The pump is shown in Fig. 63, and consists of a cylinder block C, having 
a number of radial cylinders revolving within a cylinder casing to which is 
secured the crank A^. The source of power is coupled to the cylinder-block 
extension which forms the shaft and central revolving valve L. The throw of the 
crank is variable, from a maximum at one side of the centre of rotation of the 
cylinder block to a similar maximum at the opposite side of the centre, the crank 
passing through a position of “no throw” at the actual centre of rotation. The 
pistons are connected to the crank by the connecting rods B. 

I'he crank consists of two eccentrics A^, which fit one within the other, 
the throw of each being equal. By turning the eccentrics relatively to each other, 
so that the respective “throws” cancel out, the outer circumference of tl^e pair 
becomes concentric with the axis of rotation of the cylinder block, and no 
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movement of the pistons within the 
cylinders occurs when the cylinder 
block is revolving. If, from this posi- 
tion, the eccentrics are rotated about 
each other in either direction, the 
pistons will move up and down the 
cylinders as the cylinder block re- 
volves, and the capacity of the pump 
increases in proportion to the amount 
that the crank is offset. 

The pressures obtainable arc as 
high as 2,240 lb. per square inch in 
the smallest standard size, and 1,500 
lb. for intermittent or 750 lb. for con- 
tinuous working in the largest. 

THE MERRYWEATHER 
TURBINE FIRE PUMP 

The pump shown in Fig. 64 has 
special characLcristics to provide the 
wide range of quantities and pressure 
required by tl!< modern fire brigade. 

The output obtainable from the 
pump is, of course, dependent to a 
large extent on the power output of 
the engine driving it, but it is designed 
to be capable of delivering 600 gallons 



FkJ. 64. — Mr.RRYWrAlHER TURBINE URL 
PUMP 

The casing is removed from the mam 
pauip m order to show the shaft and impeller 
with the encircling diffuser outlets through 
which the water is taken to the delivery 
outlets 

The transverse mount'd reciprocating 
pump IS clearly seen at {A). 


per minute at 1 SO lb. per square inch ; 

K75 gallons per minute at 140 lb. per square inch, and 1,100 gallons per minute 


at lower pressures. 

The pump is of the single slagc type, with casing and impeller of gunmetal. 
The shaft is of high tensile steel protected at the gla td by a stainless-steel 
sleeve. The impeller, which is carefully balanced, is overhung, so that no 
bearing is necess*ar\ in the suctior. waterway. 

The impeller sliaft is supported in ball and roller bearings spaced well apart 
so as to ensure the absence of vibration of the impeller at all speeds of rotation. 
A stuffing box is provided on the delivery side only of the impeller, with a 
specially designed CerHraity loaded hand-adjusting mechanism, which ensures 
easy and even adjustment and prevents overtightening of the gland. 


Delivery Outlets 

The delivery outlets are two in number, and each is provided with branches 
and valves for controlling two or three lines of hose. 

The diffuser vanes, the outlets of which are visible in Fig. 64, are formed in 
the main pump casting, and discharge into the annular spaces in the casing 
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Fig. 65. —Arrangement of compressed- 

air PUMPING PLANT 


visible in the lower picture, which con- 
nect with the pump deliveries. 

The suction inlet, screwed for 6-in. 
hose, is centrally situated at the rear of 
the casing. 

Priming 

The priming of the pump is carried 
out by a reciprocating vacuum pump (see 
A) operated by a toothed-wheel gearing 
from the main pump spindle. The gearing 
is put in and out of action by a hand- 
operated coned clutch. The whole of the 
vacuum-pump driving gear is housed in 
an oiltight gunmetal casing secured to 
the front cover of the main pump. Water 
can be lifted from a depth of 24 ft. in 20 
seconds. 

The vacuum pump is of the hori- 
zontally opposed single-acting type, the 
plungers being operated by a two-throw 
crank. The valves and seatings are 
arranged in the two end covers of the 


cylinder, the delivery valves being of so large an area relative to the suction 
valves as to facilitate to the greatest possible degree the egress of any water to 


the pump barrel. 

Furthermore, the end covers are spring loaded in a special manner to 


permit them to yield under excessive water pressure, so that the covers themselves 
act as efficient relief valves for the cylinder barrel. 


COMPRESSED-AIR PUMPING 

The system adopted for raising water and other liquids by compressed air 
is comparatively simple, and consists of forcing air into the oppn end of a rising 
main deeply submerged in the liquid. The air impregnates the liquid and reduces 
its density, with the result that the weight of a column of liquid and air inside 
the rising main is less than the weight of an equal column of liquid surrounding 
the main. When in action, rising air bubbles and layers of ajr, together with the 
head of liquid acting on the inlet of the rising main, forces the Ifquid to rise a 
distance dependent upon the amount of submergence and the pressure of the air. 

The advantages of this system of pumping are: simplicity; borehole need 
not be perfectly straight or vertical; sand or other impurities are not detrimental 
to the plant, and hot liquids can be raised as easily as cold. 

The main disadvantages are: low efficiency, the maximum being about 
50 per cent, and the average about 30 per cent., and the borehole must be deep 
enough to obtain the necessary submergence. 
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The general arrangement of an air-liP plant is shown in Fig. 65. It usually 
consists of an air compressor of single-stage type for pressure below 60 lb. per 
square inch an l two-stage for pressure above 60 lb. 

The following figures give the 'zes of borehole, rising main, and air pipe, 
and the probable output per minute. The area of the using main should be 
about six times the area of the air pipe, and the submergence not less than one 
and a half times the lift. 

TABLi 1\' BOREHOLE, RISING MAIN, AND AIR PIPE SIZES 


Diameter 

oj 

Borehole 

In. 

, Diameter 
of 

Risut'.^ Main 
. hi. 

Diameter 

of 

Air ^ipe 

lu. 

Gallons 

Per 

Minute 

4 

h” 

i " 

25 

' 

2 

1 

50 

5 

2i 

1 

75 

6 

3 1 

u 

100 

7 

i 

H 

150 

8 

i ^ 1 

H 

200 

3 

5 ! 

2 

300 

fo ^ 

6 

2 

450 


These deliveries ar^ . vcrage, and depend to a very large extent on the 
nature of the water-bearing strata. 

The air pipe should be outside the rising main if there is room in the bore- 
hole, as otherwise the friction loss is much increased and the output reduced. By 
flaring the lower end of the rising main, so that the water is started from rest 
gradually, considerably less power is required, and a gain is to be had also if 
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the air is directed upwards as it enters the rising main as shown in the diagram. 
A long, gradual taper at the delivery end of the pipe will also increase efficiency. 
When the water has to be delivered some distance horizontally, it must be 
discharged into a tank high enough to let it flow to the place required by 
gravity, or, alternatively, it may be handled by a separate pump. 

Tests carried out by Alley & MacLellan, Ltd., have given the following 
results : 

TABLE V.— SUBMERGENCE AND AIR REQUIREMENTS FOR VARIOUS LIFTS 


Lift in 
Feet 

Volume 
of Air to 

1 ft. of 
IVoter 

Sub- 
mergence ; 

equals 

60 per cent : 
Total 
Rising 
Main 

Ft. 

Sub- i 
mergence 
for j 

Special ' 
Lift 

Ft. 1 

' Air 

Pressure 
j Sub- 
mergence 
, 60 pet cent. 

1 Lb. 

Air 

Pressure 

Jor 

Special 

Lift 

Lb. 

Cubic 
^ Feet 
Free Air 

1 per 

; Gallon 
per 

Minute 

! 

H.P.per 
Gallon per 
Minute 

25 

20 

38 

50 

17 

20 

03 

00184 

50 

3 0 

75 

100 

33 

44 

0-4 

0 0426 

75 

4-5 

113 

150 

: 49 

65 

0-6 

00828 

100 

60 

150 

200 

65 

87 

0-8 

01320 

125 

7-5 

188 

250 

82 

109 

10 

01910 

150 

90 

225 

300 

98 ; 

120 

1-2 

0-2544 

175 

10 5 

263 

350 

115 

152 

14 

0-3150 

200 

120 

300 

400 

130 

173 

14 

0 3808 


THE HYDRAULIC RAM 


When conditions are suitable, the hydraulic ram provides a reliable and most 
inexpensive method of raising water to a considerable height for domestic and 
industrial purposes. It is essential that a constant head of water is available 
from a spring, reservoir, or stream, in order to obtain the necessary momentum 
to work the ram. 

It will have been noticed that when water under pressure is flowing freely 


through a water tap and the tap is suddenly closed, water hammers or shock, 



close p 


Fig. 67.— Pulse 

VALVE USED IN 
RAM 


of considerable magnitude, usually occurs. If the tap is 
then opened and the water allowed to gain velocity, the 
shock will be repeated when the tap is again closed. It is this 
repeated shock action which operates the hydraulic 
ram. 

A typical layout is shown in Fig. 66. The action when 
the ram is in operation is as follows : water flows from the 
stream or head water to the catchpit, which acts as a 
reservoir and ensures a constant supply of water to the 
ram, then through the drive pipe to the inlet of the ram. 
A pulse, or waste valve in the ram shown in Fig. 67, 
remains open until the required water velocity is obtained, 
when it automatically closes, and the momentjum, or 
energy, causes the water to lift a delivery grid valve and 



PUMPS AND PUMPING 


183 


overcome the pressure due to 
the head of water in the 
delivery main. 

The quantity of water 
discharged by a hydraulic 
ram depends upon the work- 
ing fall, the quantity of water 
flowing to the ram, and the 
total head against the ram, 
including friction in the pipes. 
Approximately one-seventh 
of the volume of water flow- 
ing into the ram can be raised 
to about five times the height 
of the working fall. A 
general rule is: multiply the 
water in gallons per minute 
flow'ing into the ram by the 
working fall in feet; multiply 
the product by 40, and divide 
by the static he.a 1 against the 
ram in feet. This will give tlie 
delivery in gallons per hour. 

Installation 

The ram should be bolted 



firmly to a concrete bed, and care should be taken to keep the drive pipe 
straight and on an even gradient throughout. A given length to suit the size 
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of ram must be strictly adhered to, and every joint must be perfectly sound 
and airtight. 

The supply pipe should be large enough to carry the required quantity of 
water to the catchpit without loss of head, and the rising main must have an 
open end at the highest point, where an overflow must be fitted. 

The air valve just below the air vessel must always be above water. The 
Vulcan ram shown in Fig. 68 is manufactured by Messrs. Green & Carter, Ltd., 
in eleven standard sizes. The smallest, requiring 1 gallon to 4 gallons of power 
water per minute, raises 100 gallons to 400 gallons per twenty-four hours, and 
the largest, with a 10-in. drive pipe and requiring 300 gallons to 400 gallons of 
power water per minute, discharges from 2,700 gallons to 4,000 gallons per 
hour. 

SUBMERSIBLE SALVAGE PUMPS 

The first apparatus of this class was adopted for pumping out wells and 
flooded mine shafts, where an appliance was necessary that could be supplied 
with power from the surface and lowered down to considerable depths, follow- 
ing the water at its level, due to the action of the pump, and that could not be 
put out of action by a sudden rise of the water level, from whatever cause. 

The essential features of such a pumping appliance were an electric motor 
of standard type that could take power from either a continuous or alternating- 
current supply, as the case might be, fixed in a hermetically sealed steel cylinder, 
and a pump either of reciprocating or centrifugal pattern, fixed in or outside 
the cylinder itself, the driving shaft of which was arranged in such a manner as 
to prevent any possible ingress of water to the cylinder through the stuffing 
boxes in which it revolved. 

The pump shown in Fig. 69 is a standard equipment that can be operated 
from lighting or power plant, and readily put to work in a confined or flooded 
compartment. The unit illustrated has a capacity of about 69,000 gallons per 
hour and has Merryweather standard centrifugal-type pumps. The electric 
motors are of 20 b.h.p., and are arranged so that they will work equally well in 
a horizontal or vertical position. They are fixed in galvanised-steel cylinders of 
stout construction to withstand rough usage, lined with non-conducting 
composition, and having a’manhole at one end closed by a. cover with rubber 
jointing ring and wing nuts. The motors are designed for a 220-volt continuous 
current. The pump and motor spindles are connected through a patent inter- 
cepting chamber, having a stuffing box at each end and bolted covers for gland 
packing and adjustment. 

The pumps have cast-iron chambers with gunmetal impellers and bronze 
spindles, and have suction and delivery branches 8 in. diameter, with swing- 
bolt couplings to British Admiralty standards for the attachment of flexible 
piping. 

Another type of submersible pump is illustrated in Fig. 70. This is manu- 
factured by Messrs. Hayward-Tyler & Co., Ltd., in two standard sizes capable 
of dealing with from 99 tons to 280 tons of water per hour with head:i up to 
75 ft . ■ 
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Fici. 70 -Section through a submersible pump 
{Hayward-Tvlcr & O;., Ltd.) 


The impeller is of gunmctal, proportioned to develop the specified head 
with the maximum efficiency. It is keyed to the shaft and secu'cd against a 
shoulder by a nut. It is not necessary to remove the impeller before withdrawing 
the pumpshaft and rotor. 

The shaft is carried bv a roller bearing at the pump end and two ball-thrust 
bearings at the motor end. The shaft is also the motor spindle, and is threaded 
for locknuts securing the rotor, the impeller, a’ d the two bearing assemblies. 

The laminated stator is wound with P.V.C. cable. This is impervious to water, 
a liltered supply (^f which flows constantly through the windings for cooling 
purposes. A gunmeial shell provides a sufficiently resilient mount for the 
stator to absorb any expansion due to abnormal operating conditions, and also 
facilitates the removal of the stator from the motor housing. 

The rotor is buildup from laminations pierced to receive the copper bars 
forming the squirrel cage. The assembly is mounted between end plates on a 
cast-iron sleeve, which is keyed to the shaft and secured against a shoulder by 
a locknut. 

E. P. 

E. M. 




SURVEY OF 
STEAM BOILER PLANT 


S TEAM boilers of relatively large capacity may be divided broadly into two 
basic types, water-tube and fire-tube boilers; while there is also the 
electrode boiler, which, in recent years, has become popular with users of 
relatively small quantities of steam. According to the boiler design, the steam 
pressure generated may be anything from a few pounds per square inch up to 
3,226 lb. per square inch, which is the critical pressure or maximum at which 
steam can be produced. 

As the name implies, in water-tube boilers water is contained within a series 
of tubes, and is heated by hot gases surrounding the tubes. In this type of boiler 
the transmission of heat is rapid and overheating is prevented ; while steam can 
be produced in a comparatively short lime, because the water in the boiler is 
divided up into small streams, each of which is entirely surrounded by hot gases. 

Water-tube boilers may be cither of the vertical or horizontal pattern. In 
the fire-tube class of boiler, the hot gases from the furnace pass through the 
tubes which arc surrounded by the water. The electrode boiler consists essen- 
tially of a series of electrodes dipping direct into the water to be boiled, so that 
the heat is generated within the water itself by the resistance offered by the 
water to the passage of the current. Electrode boilers have the advantage of not 
being subject to most of the losses encountered in the larger types. 

Boiler Efficiency 

Some of these losses are due to incomplete combustion of carbon, uncon- 
sumed combustible matter, radiation, moisture in the fuel and in the air fed to 
the boiler and to the formation of water from the combuStion of hydrogen. 
In most modern boiler plants devices are in use to keep such losses to a mini- 
mum, while a*check is kept on them by means of automatic instruments, and by 
technicians employed for that purpose. What is termed the “over-all efficiency” 
of a boiler is obtained by comparing the yield of B.Th.U.s m the steam produced 
with the B.Th.U.s in the fuel used. Such efficiencies often lie between 70 and 80 
per cent., but in some cases they may be lower or even higher. 

Evaporative Power 

The evaporative power of any specific boiler depends on the grate area of 
the boiler and the heating surface. Grate area determines the quantity of fuel 
necessary, while the heating surface governs the amount of heat which the 
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boiler can absorb. So that with sufficient grate area, boiler power depends on the 
extent of the heating surface. The most economical design is obviously that 
having the largest area of heating surface in proportion to the bulk of the 
boiler when due allowance is made for steam space, and similar items. 

TYPES OF FUEL 

In Great Britain the most widely used type of fuel for boiler firing is coal, 
alternative types of fuel being coke, mineral oil, town’s gas, and producer gas. 

Coal 

From the steam-raiser’s point of \iew, coal consists of combustible and non- 
combustible matter, and the proportions of these present influence the calorific 
value of the coal, i.e. the number of B.Th.U.s obtainable from a given amount 
of the fuel. The combustible matter consists of carbon (coke) and volatile 
matter, while the non-combustiblc portion comprises ash and water. In pur- 
chasing such fuel in bulk, therefore, the boiler-plant manager is vitally interested 
in an approximate analysis of the coah since this will indicate roughly its 
performance in the plant. The B.Th.U.s obuJnable per pound of coal varies with 
the quality of the latter, and usually ranges Detween 1 1,000 and 14,000 B.Th.U.s. 
Coal in pulverised form is often used in grates designed for this type of fuel, 
while coke is also employed. 

Mineral -oil Fuel 

The use of mineral oil as fuel dispenses with the necessity for ash removal, 
while in many cases much labour is saved; but in Great Britain oil is generally 
much dearer than coal or coke, so that its application has so far been limited. 
Such oil is stored in tanks away from the boiler furnaces, and is fed to the 
latter by a pump. Two 1 ..sic types of oil burners are employed. In one of these 
the necessary atomisation of the od is brought about by the passage of the oil 
Linder pressure through a specially designed jet, while in the other one the oil 
mixes with a current of compressed air or steam which converts it into a fine 
spray. The heating value of ib^ average fuel oil is much higher than that of a 
corresponding weight of coal, and is often around 20,(X)0 B.Th.U.s per pound 
of oil. There is a certain similarity in feeding a furnace with oil and pulverised 
coal or coke, for all these are handled as liquid fuels, and in some cases a mixture 
of oil and pulverised»fuel is used. 

Advantages of Town’s Gas 

The ideal type of fuel is ordinary town’s gas, but in the majority of cases, 
in spite of the special low rates obtainable, this fuel is too costly. Where, however, 
conditions are favourable to the use of gas, it has many advantages. Transport 
of the fuel costs nothing, there are no ashes to be removed, while gas is a versa- 
tile fuel which can respond quickly to any variations in steam demand. With 
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gas it is possible to use all the heat units available, whereas with solid fuels some 
of the heat is invariably wasted. Such advantages to a certain extent offset the 
initial high cost of the gas. In certain places the boilers may be operated with 
coke-oven gas obtained from an adjacent undertaking. 

Producer Gas 

A lower-grade type of gas which is also suitable as a boiler fuel is the so- 
called “producer” gas, while waste gas from forges, rolling mills, and oil engines 
is also utilised. In many instances these by-product types of fuel are available 
only at intervals, and to keep a constant supply, use is made of an oil supply 
which can be switched on or off according to the amount available. 

AUXILIARY EQUIPMENT 

In addition to the boiler and its furnace, other essential parts of the plant 
include feed-water pumps, injectors, economisers, and superheaters. 

Feed-water Pumps and Injectors 

Both feed- water pumps and injectors serve the purpose of keeping the boiler 
supplied with water, and in installations of appreciable size it is usually advisable 
to have both available for the supply of water, as a safeguard in case of failure 
of one of them. Apart from this consideration, an injector is often the most 
economical and appropriate apparatus for feeding a small boiler, while a pump 
is generally most suitable for larger installations. The average injector will lift 
water to a height of a few feet, but they usually function most efficiently when 
there is a head of water, while the latter should be cold. The type of feed pump 
most commonly used is a duplex steam pump, but centrifugal pumps and triplex 
pumps are employed to a limited extent, these being generally motor-driven. 

Preheaters 

Several methods are in use for preheating the water entering the boiler, and 
they may be divided into two- basic types. One of these is the open-type heater, 
wherein the heating medium and the water contact each other.’ The disadvantage 
of this method is that — although heat transfer is rapid — impurities may be 
introduced into the water and so pass into the boiler. A closed-type heater, or 
an economiser, is frequently employed, and this precludes the introduction of 
any impurity into the feed water, for the latter passes through a series of pipes 
surrounded by the hot gases from the furnace. As these gases often have a 
temperature of at least 600° F., the heat is put to a useful purpose instead of 
going to waste up the chimney. 

Superheaters 

The hot furnace gases also serve in many cases another useful purpose, to 
raise the temperature of the steam which has been generated by the boiler, 
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generally termed superheating. This has several advantages, for it obviates an 
abnormal amount of condensation in the steam lines from* the boilers to the 
points of utilisation ; it enables quicker heating and higher temperatures to be 
obtained in process heating, as in chemical works ; both engines and turbines 
operate more efficiently when the steam is superheated, while superheated steam 
does not give up its heat so rapidly in passing through the pipe systems. Many 
types of superheaters are in use, and they are designed to suit the boiler to which 
they are attached. A typical example is the Yarrow superheater, which consists 
of a hollow forged drum, into which groups of U -tubes are expanded. 

Air Heaters 

To ensure adequate combustion of the fuel, it is necessary to force air into 
the furnace in amounts much greater than that theoretically required for com- 
plete combustion ; and so that the air current shall not create an undue loss of 
heat within the furnace the air is heated, this heat being obtained from the flue 
gases. A common type of air heater comprises a pair of tube plates joined by 
straight tubes through which the hot gases pass, while the air flows around the 
outside of the tubes. 

It will be obvious that if the air entering the heater is very cold, the heater 
may act as a condenser to condense certain constituents in the flue gases, which 
may result in dilute sulphuric acid attacking the metal surfaces. To prevent this, 
the air entering the heater should have a minimum temperature of 90° F., and 
in humid climates a higher temperature is necessary to prevent condensation of 
moisture on the metal. In operation the heater may be so adjusted that the 
temperature of the air entering, added to the temperature of gases leaving the 
heater, never falls below a specific figure. This is achieved by adjusting dampers 
for air and the use of by-passes for the recirculation of the air. 

BOILER CONSTRUCTION 

In the construction of boilers, both riveted and welded work is employed. 
In the case of welding, the seams are examined by X-rays in order to detect any 
possible flaws in the welded work. 

Land BoUers 

A typical exaniple of a modern boiler is the Cochran “Sinuflo” Economic 
type, illustrated by Figs. 1 and 2. This is of the horizontal multi-tubular dry- 
back type, the standard design operating with induced draught generated by a 
fan. The boiler shell is made with two strakes or belts, and the mid-circumfer- 
ential seam is treble-riveted. It is fitted with a single pass of tubes, the high 
transmission efficiency of which makes it unnecessary to fit a double pass. 

This high efficiency is due to the wavy pattern of the tubes which causes the 
gases passing through them to impinge upon the metallic surface. In a straight 
tube a core of gases may pass through without coming into actual contact with 
the tube wall. The tubes are swelled at one end, are inserted through the front 
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tube plate in the same manner as a straight tube, and then expanded in the 
tube holes. The waves in the tube structure arc in a horizontal plane, so that the 
bottom of the tube is level, thus avoiding dust pockets. 

A relatively large brick-lined combustion chamber is fitted, and projecting 
into it from the mouths of the furnaces are brick arches, which compel the hot 
gases to travel round the combustion chamber before entering the tubes. Thus 
both space and time is given for complete combustion, which is materially 
helped by the large mass of hot brickwork. The reduction in the velocity of the 
gases, combined with the centrifugal action created, causes a large proportion 
of the grit entrained in the gases to be deposited in the bottom of the chamber, 
from which it is easy to remove. 

In this type of boiler the stay bars are screwed into bosses which are riveted 
to the outside of the tube plates, so that no stay-bar threads pass through the 
tube plates, as this latter arrangement would be a potential source of leakage. 
Evaporative capacities of these boilers range from 6,000 to 30,000 lb. of steam 
per hour from and at 212° F. Their diameters range from 6*5 ft. to 13 ft., larger 
units being limited in size only by difficulties of transport. A battery of these 
boilers is seen in Fig. 3, installed in the Mossend, Lanarkshire, works of 
Imperial Chemical Industries, Ltd. The units are 9 ft. 6 in. in diameter, by 15 ft. 
8 in. over the tube plates, operating at a pressure of 120 lb. per square inch, 
and giving a total output of steam of 54,500 lb. per hour from and at 212° F. 
Such boilers operate frequently without the aid of an economiser, and an effici- 
ency of around 80 per cent, gross on 
the net calorific value of the fuel is 
normally obtained, irrespective as 
to whether the fuel is coal, coke, oil, 
or coke-oven gas. 

Marine Boilers 

In the construction of marine 
boilers more thought has to be 
given to the weight and size of the 
unit than is the case with land 
boilers, and on board ship the ob- 
ject is to provide a high-powered 
unit of relatively low weight and 
occupying a minimum of space. 

The Yarrow boiler is one of the 
best-known types of marine instal- 
lation, and a typical example of 
this unit is outlined in Fig. 4. It 
may consist of either two or three 
water drums connected by banks 
of generating tubes to one large 
steam drum. 



Fjg. 2.— a typical example of a Cochran 
“S iNUFLO” ECONOMIC BOILER 


The boiler is 8 ft. in diameter, operating at 
a pressure of 125 lb, per square inch, and in 
this instance is fitted with a Hodgkinson’s 
automatic stoker. {Cochran A Co., Annan, Ltd,) 
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All parts subject to internal pressure are circular in section, and the genera- 
ting tubes are straight or nearly so. The weight of these parts is carried either on 
feet attached to the lower drums or on a cradle formed by the casing; in both 
methods suitable sliding contacts are used to minimise stresses due to differen- 
tial exnansion. Since the cross-sectional arrangement of the drums and tubes 
does not vary along the length of the boiler, the possibility of differential 
stresses under the action of heat is further reduced. Due to these low stresses, 
the boiler is of light weight, and is suitable for operation at high pressures. 

The drums used in the Yarrow boiler are frequently solid forged, with ends 
welded on or closed in, but in some instances they may be rolled from steel plate, 
with the longitudinal joint made by welding, the only bolted joints being the 
manhole covers. With the higher steam pressures and temperatures employed 
to-day, the absence of riveted and bolted joints is a desirable feature, especially 
from considerations of upkeep and the prevention of caustic embrittlement. 
The large size of the steam drum provides sufficient water surface area and 
steam space to ensure that steam of suitable quality is passed over to the super- 
heater. This is an important feature, particularly when the water, and hence the 
steam, is liable to be contaminated, for it prevents impurities being carried over 



Fig. 3.— A BATiERir of Cochran “Sinuflo” boilers installed in the Mossend, Lanark- 
shire, WORKS OF Imperial Chemical Industries, Ltd. 

The boilers are 9 ft. 6 in. diameter by 15 ft. 8 in. over the tube plates, operating at a 
pressure of 120 Ib. per square inch, and producing 54,500 lb. of steam per hour from ^d at 
212° F. [Cochran £ Co.^ Annan, Ltd.) 
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and deposited in tl]e superheater tubes. The drums are all located fore and aft 
in the ship to reduce the effect of surging in a seaway. 

In this type of boiler there are normally only two sizes of generating tubes, the 
larger size being used to form the highly rated radiant heating surface, and the 
smaller for the convection banks. Tubes enter the drums at an angle, sufficient 
parallel rolling contact being available to ensure an efficient joint. This arrange- 
ment allows the tubes to be disposed to suit the requirements of heat transfer 
without the use of awkward bends. The tubes are expanded in the tube plate in 
the usual manner, belled, and then re-expanded. The diagram on page 242 shows 
the compact layout on board ship with this type of boiler. Note the short 
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overall length of the stokehold and the wide central firing aisle. This unit is of 
the five-drum, double-flow, side-fired type, being fitted with Yarrow super- 
heaters and tubular air heaters. 

Mobile Boilers 

In common with the marine boiler, the mobile type of steam boiler has to be 
designed to ensure a minimum of weight and size. An example of such a unit is 
the Fraser mobile vertical-drum water-tube boiler, seen in Fig. 5. This model 
is fitted with burners for petroleum-gas fuel, feed pump, and feed-water tank, 
this tank containing a heating coil connected to a pump exhaust steam pipe, 
a steam jet in the short folding chimney giving the required draught. The unit 
illustrated is used for fieldwork on oil pipelines at the wells of a large oil company, 
and may truly be said to represent a complete boiler plant on wheels. 

The Fraser boiler is made in three main parts : the steam drum, the tube 
bundle, and the combustion chamber. Even when the unit is much larger than 
the mobile type, the plant is always transportable, for the parts can be readily 
assembled on site and in positions which might be inaccessible to shell types of 
boilers. This unit can be constructed with either a vertical or a horizontal drum, 
an example of the latter type being seen in Fig. 6. The horizontal steam and water 
drum ha:, a larger water capacity, and may be considered more suitable for 
process work ; while the vertical-drum type occupies much less floor space. 

The steel casing enclosing the combustion chamber is a support for the 
pressure parts, and can be constructed to accommodate any type of grate and 
fuel. Thus, for coke or anthracite a larger grate area is required than for bitu- 
minous coal. The tube bundle is fixed directly above the combustion chamber, 
with the water tubes set at a steep angle, so allowing — with accelerating circula- 
tion as the water is heated — the ready passage of the water and steam bubbles 
to the steam and water drum. Heat by convection, added to that by radiation 
from the incandescent fuel, is thus absorbed by the water while passing through 
the tube bundle to the steam and water drum. This drum is of large capacity, 
has a suitable disengaging area for the liberation of dry steam, and is connected 
to the tube bundle by main circulating pipes of large bore. 

In this unit steam can be raised from the cold state to working pressure in 
about 30 minutes, due largely to the fact that unrestricted unidirectional water 
circulation is secured between the steam and water drum and the tube bundle. 

Wet-back Boilers • 

A unit which is a development of the so-called wet-back marine boiler is the 
Ruston horizontal “Thermax” boiler. The wet-back combustion chamber used 
is said to be an improvement on the brick-lined chamber of other types. In this 
unit the products of combustion are in contact with water-touched heating 
surfaces from the firegrate to the boiler outlet, so that the heat generated in the 
furnace is transmitted to the water. Efliciency has been further improved by the 
incorporation of an additional bank of tubes, which results in the outlet tern- 
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perature of the flue gases leaving 
the boiler at the low figure of be- 
tween 400° F. and 450° F., de- 
pending on the working pressure. 

A diagrammatic arrangement 
of the boiler is seen in Fig. 7, its 
chief features being the wet-back 
combustion chamber and a 
double set of return tubes, while 
the first and second sets of tubes 
are fitted to tube plates at the 
back of the boiler, thus allowing 
for independent expansion. The 
tubes carrying cooler gases are 
arranged near the boiler shell and 
low down where the water is 
coolest, an arrangement which 
increases circulation and assists 
in heat transfer. 



5.” A MOBILE Fraser vertical-drum water- 
tube STEAM BOILER 


When in operation, the pro- 
ducts of combustion pass through 
the boiler flue to the wet-back 
combustion ch'imber, thence 
through the first pass of tubes to 


The boiler is fitted with burners for petroleum- 
gas fuel, feed pump, and feed-water tank ; the tank 
contains a heating coil connected to the pump 
exhaust steam pipe. A steam jet in the short folding 
chimney gives the required draught. 

{Fraser & Fraser^ Ltd) 


the smoke-box at the front, 

returning to the back of the boiler through the second pass of tubes to the 

outlet chamber. The set of fire tubes 



which takes the gases from the front 
smoke-box to the outlet chamber at the 
rear is divided into two nests, located 
on either side of the wet-back com- 
bustion chamber. This arrangement 
leaves the top of the boiler clear, thus 
giving ample steam space. It also avoids 
taking the products of combustion — 
when they are at their coolest point- 
through the top of the boiler where 
the water is at its hottest point. 
Moreover, the layout of tubes low 
down and near to the boiler shell 


6.— The Fraser horizontal steam and 

WATER DRUM 

It has a large capacity, and is suitable for 
process work. {Fraser & Fraser » Ltd.) 
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assists the internal circulation of the water, and overcomes the tendency of the 
colder water to remain at the bottom where it is usually away from the heating 
surfaces. 

Tubes comprising the first and second passes are arranged for independent 
expansion, thus eliminating the risk of tube leakage due to distortion of the 
tube plates caused by the unequal expansion of the two sets of tubes m one 
plate. The wet-back combustion chamber is cylindrical in form, and this allows 
space at the sides for the final set of tubes. Fig. 8 depicts a battery of five 
“Thermax” boilers, 10*5 ft. diameter by 13-5 ft. long, and one 9 ft. diameter by 
12-5 ft. long, at Prestwick Airport. These boilers are built in standard sizes, with 
diameters ranging from 5 ft. to 12*5 ft., producing from 1,000 lb. to 14,000 lb. 
of steam per hour, from feed water at 60° F., and for working pressures up to 
200 lb. per square inch. 


Promoting Water Circulation 

The heating of a volume of water of the magnitude often found within a 
boiler could easily lead to differential expansion of the shell plates — due to the 



Fio. 7. — Showing the principles of operation of the Ruston “Thermax” boiler 
Its chief features are a wet-back combustion chamber and a double set of return tubes. 
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Fk;. 8.— a UATTbRY OF HORIZONTAL “ThERMAX” BOILERS AT PRESTWICK AlRPORT 

These are five boilers of 10 5 ft. diameter by 13*5 ft. long, and one of 9 ft. diameter by 
!2-5 ft. long. Boiler efficiencies up to 80 per cent, are obtained in this instillation. (Rustoni 
Hornsby, Lid.) 

varying temperature in different parts of the water— if suitable provision was 
not made to avoid th.^. One way whereby this difficulty is overcome is aptly 
illustrated by the design of the Paxman “Ultranomic” boilers, Fig. 9 showing 
the double-pass type, and Fig. 10 the treble-pass type, of this boiler. In these 
boilers, owing to the hot gas passing through a bank of tubes close to the 
bottom of the sh^ll, a free and vigorous natural circulation is promoted and 
sustained throughout the whole body of the water, thus eliminating dead spots. 
The single flue which is fitted is arranged on one side, not in the centre as is 
common practice, the tubes being positioned on the other side. 

By adopting thft form of construction, the furnace crown, where the greatest 
amount of heat is Liberated, is raised much nearer the water level, thus allowing 
the steam bubbles, to reavh the surface easily. Because the tube nests are placed 
on one side, the lowest tubes are brought close to the bottom of the shell. This 
disposition of tubes and flue allows the fitting of a full-size manhole in the lower 
part of the end, thus facilitating inspection and cleaning. The gases, after passing 
through the flue, enter a combustion chamber located at the rear of the boiler. 
At the bottom of the chamber a rectangular pocket is formed which allows the 

E.W.P. 'V — 7* 





Fig. 9. — Longitudinal section of the Paxman double-pass “Ultranomic” boiler 




SURVEY OF STEAM BOILER PLANT 199 

accumulation of soot and ashes to be easily removed through the cleaning 
door. 

On the inside surface of the firebrick-lined combustion chamber a high 
temperature is attained, thus igniting any gases which may have left the flue in an 
unburned condition. In this way better combustion is promoted, and at the same 
time the hot brickwork releases large quantities of radiant heat to the boiler 
back. The hot gases then pass to the front of the boiler through a bank of tubes. 
In these tubes, due to the high velocity and small cross-sectional area of the gas 
streams, a large amount of heat is given up to the water. 

In the double-pass type the gases are collected in a smokebox and pass to 
the atmosphere via the chimney ; while in the treble-pass boiler they enter a 
refractory-lined reversing chamber at the front of the boiler, from whence they 
are returned to the back of the boiler through an upper bank of tubes. Leaving 
the boiler at the rear, these gases are collected in the space over the combustion 
chamber and so pass to the chimney. In Fig. 1 1 is seen two treble-pass boilers 
of this type, 8-5 ft. in diameter. The amount of steam produced, in pounds per 
hour, varies with the size of boiler, and ranges between 1 ,800 and 1 3,302. 

Waste-heat Boilers 

In these days of liigh costs for fuels the utilisation of waste heat, whenever 
this is available, is an economic proposition. The application of waste-heat 
boilers to steelworks and other concerns has become an established practice, 
and permits of uteam being raised in a very economical manner. Although 
modern open-hearth melting furnaces are provided with efficient regenerators, 
the gases leaving the latter have inevitably a temperature over 500° C. and this 
heat used to pass to waste up the chimney stack. About 44 pei cent, of the heat 
content of the coal sent to the producers, which feed the melting furnaces with 
gas, may be dissipated to the atmosphere ; but this figure is reduced to 22 per 
cent, if a waste-heat I oiler is installed. 

A 90-tons furnace, tapped, for example, fourteen times per week, will pro- 
duce about 1,260 tons of steel, and over 1,750,000 lb. of steam can be raised 
from the waste gases. To raise this amount of steam iii a coal-fired boiler would 
require nearly ItiO tons of coal. It is obvious, therefore, that big savings in fuel 
are effected by using waste gases whenever possible for boiler heating. 

The exhaust gases from internal-combustion engines are also sometimes put 
to use in a waste-heat boiler. 

The Waste-heat Boiler 

Some years ago mucii interest was aroused in the use of fire-tube bqilers in 
this sphere, for research had shown the advantages of high-velocity gases for 
increasing the rate of heat transmission. When these gases are used in specially 
designed tubes, highly efficient results ensue, and the type of plant widely used 
for this purpose is the Cochran “Sinuflo** waste-heat boiler, an example of 
which is seen in Fig. 12; this boiler is 12 ft, in diameter by 15 ft, 8 in. over the 
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FlO II .-PaXMAN tRSBLt-l‘ASS "ULTRANOMIC" boilers. 8-5 FT. DIAMETER, IN -mE WORKS OF 
West Auckland Clothing Co., Ltd. [Davey Paxman & Co., Ltd.) 

tube plates. The gases approach the boiler through a steel inlet products 
chamber, lined with firebrick and fitted with explosion doors, a superheater 
being used when necessary. On leaving the boiler tubes, the waste gases pass 
through a mild-steel outlet products chamber to which is attached a cone pi^ 
forming the fan intake. An induced-draught fan is an essential feature of the 
installation, for it is extremely important to maintain the requisite draught at the 
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furnace throughout its operation. In addition, the fan must overcome the 
resistance through the flues and through the boiler, while a margin is also 
allowed to provide against adverse conditions. 

The Use of Waste Gases from Fuma^s 

Steelworks furnaces are usually fired by producer gas, and the quality of the 
waste gases available can be ascertained by analysis of the coal originally used, 
the amount of coal fed to the producers, and the proportion of carbon dioxide 
(CO 2 ) in the waste gases. In some works blast-furnace or coke-oven gas is 
employed, and the value of the waste gases is calculated from their COg content 
and the quantity and analysis of the gas supplied. 

Evaporation in the boiler depends on (1) the volume or weight of gases 
available, and (2) the temperature of the gases as they enter the boiler. The 
curves, Fig. 13, show, for given percentages and temperatures of waste gases, 
how much steam may be raised per pound of coal fed to the producers. From 
such data one may calculate the amount of steam obtainable per ton of steel 
when the amount of coal used in treating the steel is known. One boiler is 
usually connected to one furnace, but the boiler can be designed to take the 
waste gases from two furnaces when required. 

In a typical British installation the waste gases from seven open-hearth steel 
furnaces are led to seven “Sinuflo” waste-heat boilers, the furnaces being fired 



Fig. 12.— Cochran “Sinuh.o” waste-heat bou-er, installed in the works of the 
Lanarkshire Steel Co., Ltd. 

This boiler takes gases from a 90-ton produccr-gas-fired open-hearth furnace, and pro- 
duces up to 12,000 lb. of steam per hour. {Cochran & Co.^ Annan^ Ltd) 
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with producer gas# Regenerators are installed in the gas and air ducts to the 
furnaces, the flow of gas and air is controlled, reversal of flow taking place about 
every 20 minutes. The waste gases, after leaving the regenerators, are led through 
underground flues to the waste-heat boilers. Short branches from the main flues 
lead to the inlet products chambers of the boilers, the flues to the stacks being 
closed by dampers. The waste gases at a temperature of 550-600° C. (1,022- 
1,112° F.) pass through the nests of “Sinuflo” tubes in the boilers to the outlet 
products chambers, thence through the fans and short independent funnels to 
the atmosphere. Superheaters, giving a final steam temperature of 520° F., are 
fitted in the inlet products chambers. 

The boilers in this installation are 12 ft. 3 in. in diameter by 15 ft. 8 in. long 
over the tube plates, and are fitted with 538 “Sinuflo” and stay tubes 2} in. 
in diameter. The amount of steam produced by each boiler varies from 1 1,500 
lb. to 14,500 Ib. per hour, depending on the type of furnace supplying gases to 
the boiler ; the amount of coal saved per week, by using the waste gases for 
boiler operation, is about 850 tons. 

The Electrode Boiler 

When relatively small amounts of steam are required, the use of the electrode 
boiler offers some advantages over the fuel-fired types, since fuel has not to be 
stored nor har* Jled, and there are no ashes to be moved. The electrode boiler is 
designed on the principle that when an electric current is passed through water 
the temperature of the water rises. Electrical energy pai^sing through the elec- 
trodes is converted 100 per cent, into heat within the water itself. 

The boiler consists essentially of an earthed metal shell into which are fitted 
two or more electrodes. Current passes from one electrode to another, the water 
acting as an electrical resistance; thus heat is created. The quantity of heat 
generated is directly proportional to the square of the current and the resistance 
of the path. For a given voltage, the total heat produced is a function of the 
resistance of the water path and the immersed area of the electrode; so that the 
amount of steam raised in a specific boiler can be varied by simply exposing 
different areas of the electrodes to the water. 

Operation of the Electrode Boiler 

A diagram of a typical electrode boiler installation is seen in Fig, 14. In this, 
the feed pump supplies v ater to the base of the boiler shell, and when the water 
reaches a level required for the predetermined rating, the pump is stopped by a 
load-control relay (CRH The effective immersed area of the electrodes is thus 
controlled to obtain a loading within about 5 per cent, of the required setting. 
By means of the rheostat (RR) the rating to give the required supply is adjustable 
within 30-115 per cent, of the specified equipment rating. Pressure is also pre- 
determined by an adjustable setting, and when the desired pressure is attained, 
a pressure switch (PS) opens the magnetic valve, automatically adjusting the 
water-level, and proportionally the load, giving a constant pressure. This pres- 
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EVAPORATION FROM WASTE GASES 


IN LBS 



PERCENTAGE OF CARBON DIOXIDE IN WASTE GASES-DRY. 


Ficj. 13. — Curves showing, for given percent- 
ages AND temperatures OF WASTE GASES, HOW 
MUCH STEAM MAY BE RAISED PER POUND OF COAL 
FED TO THE PRODUCERS 

(Cochran & Co.j Annan^ Ltd) 


sure maintains instantaneous con- 
trol within 1 lb. of the pressure set- 
ting. A hand-operated valve is 
fitted to the steam main to adjust 
the demand during operation. 

It follows that should a high 
supply of steam be required, the 
water-level is controlled through 
the magnetic valve by the auto- 
matic load-control relay. Where 
supply requirements are reduced, 
the pressure switch takes control 
and automatically adjusts the 
water-level to suit the directly 
proportionate load. The entire 
unit, including feed tank, pump, 
control gear, and electrical equip- 
ment, is contained in a metal 
casing not much larger than a 
radio-gramophone. Capacities of 
the “Autolec” electrode boiler 
range from 30 kW., giving a steam 
output of 100 lb. per hour, to 
1,000 kW., producing 3,350 lb. of 
steam per hour. 

In Fig. 15 is seen a “B. & A.” 
electrode boiler of 200 kW. 
capacity, which also operates fully 
automatically. The boiler is con- 
structed of steel tube, with dished 
bottom and flat-top cover bolted 
to a flanged ring which is welded 


to the body. The electrodes and neutral shield are of cast-iron» alloy, supported 


from porcelain bushings passing through the top cover, these being secured by 
packed steam glands of gunmetal. To prevent heat losses, the body and bottom 
of the boiler is lagged with magnesia asbestos blocks enclosed in a. steel 


casing. 


A large proportion of the electrode boilers in use operate at a steam pressure 
of 12(1 lb. per square inch, but no difficulty is experienced in making boilers for 
much higher pressures than this, and some of the “B. & A.” models operate at 
250 lb. per square inch. The electrode boiler is a very convenient means of 
raising steam in many different types of establishment where steam requirements 
do not warrant the installation of the bigger fuel-fired class of boiler. Such 
institutions as hospitals, restaurants, cooked-meat factories, dry cleaning ^orks, 
and many other relatively small users of steam make use of the electrode boiler. 
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Fig. 14. — Schematic arrangement of an “Autolec” electrode boiler plant 
The electrode boiler has the advantages of requiring oiJy small space, no labour, and 
operates entirely automatically- {G.W.B. Electric FurnaccSt Ltai) 




204 INSTALLATION, OPERATION AND MAINTENANCE 


EVAPORATION FROM WASTE GASES 
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PERCENTAGE OF CARBON DIOXIDE IN WASTE GASES-DRY. 


Ficj. 13. — Curves showing, for given percent- 
ages AND temperatures OF WASTE GASES, HOW 
MUCH STEAM MAY BE RAISED PER POUND OF COAL 
FED TO THE PRODUCERS 

(Cochran & Co.j Annan^ Ltd) 


sure maintains instantaneous con- 
trol within 1 lb. of the pressure set- 
ting. A hand-operated valve is 
fitted to the steam main to adjust 
the demand during operation. 

It follows that should a high 
supply of steam be required, the 
water-level is controlled through 
the magnetic valve by the auto- 
matic load-control relay. Where 
supply requirements are reduced, 
the pressure switch takes control 
and automatically adjusts the 
water-level to suit the directly 
proportionate load. The entire 
unit, including feed tank, pump, 
control gear, and electrical equip- 
ment, is contained in a metal 
casing not much larger than a 
radio-gramophone. Capacities of 
the “Autolec” electrode boiler 
range from 30 kW., giving a steam 
output of 100 lb. per hour, to 
1,000 kW., producing 3,350 lb. of 
steam per hour. 

In Fig. 15 is seen a “B. & A.” 
electrode boiler of 200 kW. 
capacity, which also operates fully 
automatically. The boiler is con- 
structed of steel tube, with dished 
bottom and flat-top cover bolted 
to a flanged ring which is welded 


to the body. The electrodes and neutral shield are of cast-iron» alloy, supported 


from porcelain bushings passing through the top cover, these being secured by 
packed steam glands of gunmetal. To prevent heat losses, the body and bottom 
of the boiler is lagged with magnesia asbestos blocks enclosed in a. steel 


casing. 


A large proportion of the electrode boilers in use operate at a steam pressure 
of 12(1 lb. per square inch, but no difficulty is experienced in making boilers for 
much higher pressures than this, and some of the “B. & A.” models operate at 
250 lb. per square inch. The electrode boiler is a very convenient means of 
raising steam in many different types of establishment where steam requirements 
do not warrant the installation of the bigger fuel-fired class of boiler. Such 
institutions as hospitals, restaurants, cooked-meat factories, dry cleaning ^orks, 
and many other relatively small users of steam make use of the electrode boiler. 
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Fio. 16. — Diagram showing the principle of operation of the Ruths accumulator 
An accumulator increases the productive efficiency of a works, and improves the operation 
of the boiler plant by the elimination of peak-load firing. (Ruths Accumulators (Cochran), Ltd.) 

!f the boiler pressure tends to rise, due to a falling off in the general demand 
for steam, the valve (Vi) opens and al! surplus steam then being generated is 
passed to the accumulator by way of the pipe (O’), where it is condensed and its 
thermal energy stored. If a peak load develops on the high-pressure main, the 
valve (Vi) closes, and during the continuance of this condition, the steam 
demand of the low-pressure consumers is met by discharge of the accumulator, 
if a peak load develops on the low-pressure main, this is met by the wider 
opening of the valve 02) and, when necessary, by the withdrawal of steam from 
storage to supplement the amount of steam then being obtained direct from the 
boilers through the valve (Vi). The valves (Kl) and (V2), theref ore, automatic- 
ally bring the accumulator into operation as a consumer of steam or as a pro- 
ducer of steam, as governed by the general variation in demand; while the 
boilers are fired at a constant rate equal to the average steam requirements in 
that particular establishment. 

A typical Ruths accumulator installatioi. is seen in Fig. 17, installed in a 
London establishment. In this instance the accumulator shell is 8*5 ft. diameter 
by 31-75 ft. long, ii.iving a storage capacity of 6,200 lb. of steam over a pressure 
range of 110-25 lb. per square inch. 


Feed -water Accumulators 

• ^ 

There are many types of works wherein the main steam users operate at 
boiler pressure and conditions are unfavourable to the use of the steam-storage 
system. In these circuius lances, the Ruths feed-water accumulator may be 
employed with advantage. The basic principle of this is that surplus steam is 
utilised for the building up of a reserve of preheated feed water, at or near 
saturation temperature; the peak-load carrying capacity of the system is there- 
fore dependent on the permissible increase in feed temperature. In the majority 
of cases where the feed- water accumulator is applicable, peak loads of 25-30 
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Fig. 17.— typical example of a Ruths accumuiator installation, at the establish- 
ment OF A. Bell & Sons, Ltd., London 

The accumulator is 8-5 ft. diameter by 31-75 ft. long, giving a storage capacity of 6,200 
lb. of steam over a pressure range of 100-25 lb. per square inch. {Ruths Accumulators 
{Cochran), Ltd.) 

per cent, in excess of the average demand may be met without a fall in steam 
pressure. 

Another type of thermal storage involves the storage of hot process water, 
and this is very often applicable to the so-called process industries, such as 
laundries. The use of one system or another represents the only possible method 
of suppressing peak-load steam demands on the boiler plant and ensuring an 
adequate supply of steam to the consumers. Heat accumulation is accordingly 
an important principle in relation to economic production. 


A. E. W. 


BOILER-HOUSE WORK 

B oilers in common use in this country are usually of the shell or water- 
tube type, and arc adapted in different designs to comply with the use 
intended. Nowadays the trend in power stations is to use water-tube 
boilers suitable for the higher pressures, and obviously higher superheated 
steam, and the pressures within recent years incline towards those nearing 
1,000 lb. per square inch. Usually in this class of boiler-house work it is 
common practice to operate at 600 lb. per square inch working pressure. 
An increase beyond 600 lb. per square inch introduces problems in 
feed-water treatment and involves also the resistance of the metal parts to 
heat. 

Industrial practice is concerned with both shell and water-tube types, and, 
of the former, tray include the Lancashire, Cornish, Economic, Marine, and 
others of the shell class cither separately or installed with the water-tube type 
in a large battery of boilers. The purpose served by the boilers, or steam 
generators, may be for generating electricity and heating, or process work, or 
a combined system of power, process, and heating in conjunction with steam 
accumulators, or by-pass turbines. 

The turbine is favoured where steam is used for process work such as 
textile dyeing, as the lubricating oil does not come in contact widi the steam. 
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whereas a reciprocating engine requires internal lubrication which, if a back- 
pressure machine, passes with the steam to the process machines. 

Pressures 

Pressures at which industrial plants operate when steam is generated may 
vary from 50 lb. per square inch to 600 lb. per square inch, according to the 
production plant, also whether with or without superheat. In some cases, dry- 
saturated steam will suffice, as the steam in this state imparts the heat to the 
process material or liquid during a shorter period than superheated steam. 

A typical plant used for generating steam, electricity, and also supplying the 
exhaust steam to process work, may operate at 210 lb. per square inch and 
through reducing valves reduce the factory steam pressure to 40 Jb. per square 
inch; consequently, machines such as drying cylinders may require 10 lb. per 
square inch pressure. Thus, by generating at a higher pressure, provision is 
made for electrical generation and process operation by stepping down the 
steam pressure. Obviously this entails a fairly elaborate system of protective 
devices, not only for safety but also to comply with the statutory regulations 
as laid down by the Factories Act of 1937. The saving in fuel, due to the use 
of higher pressures, can be set against the cost of any additional plant such as 



Fio. 3.— Dry-back economic boiler 
{Stockton Chemical Engineers and Riley Boilers, Ltd.) 
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regulating, reducing, or 
safety valves to maintain 
the lower pressures. 

Furthermore, the expan- 
sive properties of the 
steam can be used to 
reduce steam and fuel 
consumption in prime 
movers such as turbines 
or engine-driven ma- 
chines. 

Future developments 
and extensions, when 
under consideration, in- 
variably become in- 
volved in the boiler 
capacity and working 
pressure. A heavy 
steam consuming 
factory is controlled Fig. 4.—HAND-nkED W.I.F. boiler without superheater 
bv the output of the {Babcock & Wilcox, Ltd) 

steam plant which 

must fulfil conditions to provide the maximum production, otherwise the 
steam services become interrupted, with undue production losses, when 
competing for deliveries. 

To centralise the steam plant and operate at the higher pressure not only 
induces economy in operation of the plant, but in transmission of the steam 
through the steam mains to the process machines. The advantage gained is 
that as the latent heat in the steam decreases when the pressure is increased, the 
amount of heat requiicd is proportionately less, then when the pressure is 
reduced the latent heat at the lower pressiue can be recoverable; thus a two- 
fold gain is obtained. 

To raise the pressure of one pound weight of steam from zero gauge pressure 
to 150 lb. per scj’iare inch lequires approximately 49 B.Th.U.s and to raise 
it from zero to 350 lb. per square inch requires 61 B.Th.U.s; therefore only 
1 2 additional B.Th.U.s are required for the increased pressure. The latent heat 
of steam at 300 lb. per square inch gauge pressure is 810 B.Th.U.s; at 15 lb. 
per square inch it ft 946 B.Th.U.s, a difference of 136 B.Th.U.s. 

Through the range of pressures from atmospheric pressure, the latent heat 
decreases as the pressure 5^ increased. Less internal work in changing from the 
liquid state to the vapour state is carried out during the change. When 
3,206*7 lb. per square inch is reached, no latent heat is contained in the steam, 
the total heat becoming 902*7 B.Th.U.s, which is also the sensible heat, and the 
temperature 705*4'' F. 
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Raising Steam 

When raising steam in a boiler it is some considerable time before the 
vapour stage is reached. The first indication that the boiler is absorbing heat 
from the furnace fires is particularly noticeable in the water-gauge glass as the 
level of the water rises, thus proving the density is decreasing and the water 
contained within the boiler is expanding. During this period the air valve, 
situated at the highest point of any boiler, remains open until the pressure is 
formed, thus expelling air and vapour. The valve is then closed after steam 
pressure is emitted. 

As water is a bad conductor of heal, the process of steam raising cannot 
be hurriedly applied. The firing rate is slow. As the fires arc charged, the 
dampers may be regulated accordingly. Should a heavy fire be introduced, the 
result is that the upper portion of the boiler becomes hotter than the lower ; 
consequently severe strains and stresses are placed upon the metal shell and 
joints due to unequal expansion; this is inevitable when under steam. Should 
this practice be frequent, leaks occur in the joints and rivets are liable to be 
fractured. This applies more especially in the shell-type boiler and the vertical 
cylindrical class. 

When raising steam, as for example at 40'^ F. temperature of the water in 
the boiler, it is good practice to bank fires for at least twenty-four hours before 
raising pressure if the boiler has not been in service for some considerable 
time. Then slowly work the fires until pressure begins to form. Consideration in 
this case must be of the refractories and brickwork. If major overhauls have 
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PJ^-^ 6. — Hfat quantities evolved in mr formation of stfam at atmospheric pressure 

{Reproduced from '"The Efficient Use of Fuelf by permission of the Controller of H.M. 

Stationery Office) 


besn executed, three days arc usually allowed to “dry out.” Obviously, when 
overhauled, the water-gauge passages should have been cleared of any scale 
or oHtruction. Thus, when under pressure, a true indication of the water in the 
boiler can be visualised when testing the water gauge to ascertain the exact 
water level in the water-gauge glass. 

The specific gravity of water is unity when at its greatest density, approxi- 
mately 40'" F.; hy applying heat by means of the furnace fires the temperature 
of the boiler water or liquid increases until boiling-point is reached. This heat 
is called “sensible heat,” and the amount ot sensible heat varies with the boiling- 
point of the steam, increasing towards the higher pressures. The density there- 
fore decreases inside the boiler where heat is applied, and as the liquid increases 
in temperature the colder water follows, and thus circulation is created. 

Precautions Necessary before Raising Steam 

When filling a boi’^r with water it is not advisable to allow the water 
content to be at too high a level, in case, when steam is formed, it passes out 
of sight in the water gauge, thus creating a doubt as to whether the boiler is 
lull or only partly filled. 

It is essentiaUhat precautions are taken to ensure that dampers are free, 
also all valves operate, that the superheater is in communication v/ith the boiler, 
and the blow-down valve is free. 

Should the blow-down valve become obstructed or inoperable it may be 
necessary to empty ih^ boiler to remedy the defect. 

Sensible and Latent Heat 

When vapour has formed and pressure has expelled all air from the boiler, 
the air valve can be closed, and the pressure allowed to increase slowly. Thus, if 
the maximum working pressure is 210 lb. per square inch, the amount of 
sensible heat required to raise the liquid to boiling-point, from Callendar’s Steam 
Tables, will be 366-3 B.Th.U.s. The temperature at this pressure is 392° F., 
the latent heat is 839-2 B.Th.U.s, and the sensible heat plus the latent heat is 
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1,205 B.Th.U.s. Therefore, to reach boiling-point of the liquid internal work 
by heat supplied from the furnace fires is necessary to reach this point. If the 
pressure is forming, the rate of increase accelerates as indicated by the steam 
gauge. The nearer working pressure is approached, the greater the acceleration. 
This is due, not only to the heat absorbed from the fires, but to increased 
absorption of heat when passing through the range of pressures finally to 
working pressure, because the amount of latent heat required is less as a pressure 
increase takes place. 

Some check or control of the rising steam pressure becomes imperative to 
prevent undue acceleration. If mechanically stoked, the firing rate is reduced 
and dampers closed in; should fan draught be used, the fans are stopped and 
natural draught applied. The following table illustrates the rise in liquid or 
sensible head and the decrease in latent heat from atmospheric pressure : 


Gauge Pressure 
lb. per square 
inch 

Liquid or 
Sensible Heat 
B.Th.U.s 

Latent Heat 
B.Th.U.s 

Total Heat 
B.Th.U.s 

Temperature 
of Steam 
°F. 

Atmospheric 14-7 

180-0 

970-7 

1150-7 

212 

500 

2660 

915-0 

1181-0 

297 

1000 

309-0 

884-0 

1193-0 

338 

1500 

338-0 

862-0 

1200-0 

366 

200 0 

362-0 

842-0 

1204-0 

388 

2100 

366-0 

839-0 

1205-0 

392 

3206-2 

902-7 

0-0 

902-7 

705 


The above figures apply to saturated steam. 


Saturated and Dry-saturated Steam 

When steam has absorbed the heat and is raised to the boiling-point until 
every particle of moisture has been evaporated, it is considered as saturated 
steam, and any loss of heat immediately commences condensation without a 
corresponding decrease in pressure. When steam contains no moisture, it is 
said to be dry-saturated, and when further heat is applied can rise in temperature 
after all particles of moisture have been evaporated. Lateut heat enters into 
this consideration insomuch that it can be defined as the heat necessary to 
convert 1 lb. of water at boiling-point into dry-saturated steam to condense it 
all to water without any temperature reduction. 

Superheated Steam 

Until every particle of moisture in the steam is evaporated, it is regarded as 
saturated and passes to the dry-saturated state when the temperature rise takes 
place. Tim is practically the condition, of the steam prior to entering the 
superheater. Various devices have been fitted to boilers for the purpose of 
entraining the moisture which may be in the steam before leaving the boiler, 
such as anti-priming pipes and baflEles. These devices assist in reducing con- 
densation in the main steampipe lines. 
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C5AS FILM SCALE 



f 8 . —Heat tr\nsmission from hot flue gases to boiler water in a boiler tube when 

FVAPORAEING TEN TIMES NORMAL RATE 

{ Reproduced from ''The Efficient Use of Fuclf" bv permission of the Controller of H.M. 

Stati^neiy Office) 

As the superheater is installed between the top row of circulating tubes and 
the bottom row of the economiser tubes, it receives the heat direct from the 
gases when raising steam. Each outlet is connected to a main steam header with 
a control valve, and a control valve at the end of each superheater outlet. 
Thus, when raising steam the latter valves remain open and also the drains. 
By this means there is a continual flow of vapour and steam and also heat 
transference which prevents overheating of t'‘e superheater tubes. A trap fitted 
c’t the end of a drop pipe in the main header discharges condensate taking place 
in the pipeline. ^ 

Steam can be raised quickly in this type of boiler, due to rapid promotion of 
the circulation. The lower tubes rapidly absorb the heat, whereby the buoyancy 
is produced by the heated water passing up the header to the drum and the 
opposite header wa^er immediately receives a downward flow action. It is the 
refractories which must receive consideration, as also the boiler. In this respect 
the operation of steam raising cannot be contemplated hurriedly. 

Therefore, after wa. iihng through with braziers, the fires can be made by 
burning coal or wood spread evenly along the front of each grate with the 
induced draught fan slowly revolving. For this purpose the guillotine door and 
the front air doors are opened, each coal hopper closed until the fire is properly 
ignited, and the arch heated, when the guillotine doors can be set to the correct 
thickness of the fire, usually 3-4 in., the induction-fan speed increasing as the 
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Fig. 9. — Combustion on a chain-grate stoker 
{Reproduced by courtesy from "'The Efficient Use of Fuel") 

fires require further amount of draught. Later the front air doors can be closed 
and the forced-draught fan and the secondary air fan placed in operation, due 
regard being taken of the damper settings. 

If the fire remains on the grate for any lengthy period and the grates are 
not revolving, the danger lies in overheating that portion of the grate. 
It is wise, therefore, to turn the grate occasionally. Provided the fires are 
burning near the ignition point, and not likely to prolong distillation and 
ignition, the speed may be increased until the firegrates are covered. 

Before ignition can take place within the combustion chamber with the 
guillotine doors closed and the coal mechanically fed, the refractory arches 
must attain a temperature sufficient to promote ignition, with the forced, 
induced, and secondary air fans in operation. 

Controlling Fire Thickness and Grate Speed 

By watching through an observation door, it is j>ossible to control the fire 
thickness and grate speed, as the distance is noted where ignition takes place 
from the fire side of the guillotine door. Should this distance be more than 6 in., 
reducing the grate speed may bring the firing nearer to the guillotine door. 

A second observation door is situated midway between the beginning and 
end of the chain grate, and the traverse of the burning mass towards the end 
can be judged, in so far as the concern is the rate of burning, the amount of 




BOILER-HOUSE WORK 


219 



Fig. 10.— C.T.M.-type Babcock & Wilcox boiler 

Incorporating forced draught, tiaveiiaig grate, furnace, superposed self-cleaning 

sunerheatcr, steel tube economiser, and tubular air heater. 

draught, and the behaviour of the coal. Finally, from the rear of the boiler 
observation doors can be discerned the distance from the dumping blocks 
where the ashes are likely to form and the coal to be completely consumed. 
This usually is 18 in. from the dumping blocks. The danger lies in a fast speed, 
thick fixes, and insufficient draught, allowing the coal to pass over the dump- 
ing blocks incon.pletely consumed. 

Immediately all air v il .es are closed and the fires become effective in 
raising steam, the boiler can slowly be brought to working pressure. It will 
be noticed, as is also the case in raising steam in the Lancashire-type boilers, 
that the pressure increases slowly from zero on the pressure gauge, but above 
50 lb. per square inch the generation increases as the fires become effective and 
the unit absorbs heat. 
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392°F. 210 L6. PER SO. IN. 


Oiler pressure 210 p.s.i. (or * 

lb. /in.*) ~ 392'’ F. saturated temperature, 

uperheat 580° F. — 392° F. — 188° F. of superheat. 

Ize of boilers 30 ft. x 8^ ft. 10,000 Ib. per hour evaporation per bolter. 

accumulator pressure ran^e •--- 175 p.s.i. charged, 40 p.s.l. discharged. This means 175—40 — 135 p.s.i. drop. 


iiG. 1 1 .—Combined system of power and process steam with steam accumulator, i he 

PROCESS steam layout FOR OYE WORKS IS SHOWN OPPOSITE 

High-pressure reducing valve decreases boiler pressure to accumulator working pressure 
between 175 and 40 p.s.i.). 

Low-pressure reducing valve cuts down pressure from above 40 p.s.i. to 40 p.s.i. in the 
^orks steam main. 

The turbines operate at 210 lb. per square inch against a back pressure of 40 p.s.i. 
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ILLUSTRATIVE DYE WORKS LAYOUT 
AND APPROXIMATE STEAM TEMPERATURES 


E.W.P. IV— 8 


Fig. 11 {continued) 
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Thus, to prevent excess pressure, and the safety valves relieving before 
working pressure is reached, if this is 210 lb. per square inch, the rate of 
generation can be controlled by placing the secondary air fan and forced- 
draught fans out of operation, and opening the front air doors, thus operating 
an induced draught alone until the boiler is ready for connecting to the main 
steam line throughout the factory; this action must be adjudged early during 
the operations. It is assumed, of course, that precautions have been taken 
regarding valves, and that the water gauge was tested before placing the 
boiler in service. 

Preparing Auxiliary Plant for Operation 

The importance of preparing the auxiliary plant during steam-raising 
operations cannot be overlooked, insomuch that both matters should receive 
attention during the same period. It is of primary importance that the water supply 
to the boilers should be available immediately steam is admitted to the main 
steam line. It is equally important that the feed pump should be in action at this 
time. This involves other auxiliaries. Therefore, they should receive heat 
sufficiently in time to ensure free drainage, free operation, and freedom from 
defects. When approximately 70 lb. per square inch is visible on the steam 
gauge, steam can be admitted to the auxiliary steam line after ensuring that all 
drains are open to prevent the action of water hammer. This operation is 
performed without undue haste. Thus, heat is received by the feed pump and 
other branch steam lines. 

Testing the feed pump during the early stages of plant preparation 
ensures that no difficulty will be experienced when it is required for duty. 
This involves the economiser, ' the feed heater, and the de-aerator, if 
installed. 

Obviously there should be a clear passage for the water to be pumped into 
the boiler plant, A measure of safety to be taken is to commence opening all' 
the essential valves of the water line, starting with the feed valves on the boilers 
and subsequent valves on the discharging side of the feed pump, such as the 
economiser outlet and intervening valves, the economiser inlet and feed-pump 
outlet valves, and all valves on the suction side of the pump. The steam exhaust 
to atmosphere is opened, and gradually the control steam valves and drains 
are closed. Assuming the plant consists of Lancashire boilers, the waste gases 
will be passing direct to the chimney, until the feed-water temperature is 
sufficiently high (above 100'' F.) to discharge the flue gases through the 
economiser. 

When starting the pump, and in case of air-lock, valves suitably placed on 
the feed-water line are opened to expel air from the system, and the pump is 
allowed slowly to commence pumping. It will be noticed that indication of 
water passing ipto the boiler is produced by a rise in water level, and due to the 
pulsating action of the pump, the water in the gauge glass appears to rise and 
fall whilst increasing. A further precaution is to secure a sufficient supply of 
water in the feed-water tank to be used when the plant is in full operation. 
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Placing Economiser in Operation 

It is not essential to place the economiser in operation until the plant has 
been fully prepared to take the steam load, as the water in the economiser may 
become unduly heated above the normal outlet temperature, which is usually 
around 300-320° F., due to insufficient supply of water flowing through. There- 
fore, the flue gases need not be transferred from the chimney base to the econ- 
omiser circuit until the plant is supplying steam to the factory steam mains. 

When it becomes necessary to bring the economiser into operation, this is 
carried out by opening the main damper exit from the economiser, then the 
economiser outlet damper, and later the inlet damper when the feed water is 
circulating through at 100" F. or above. Jf an induction fan is installed, the cut- 
out damper is situated probably between the inlet and outlet fan dampers. This 
should be closed after the fan is started, and both fan dampers open. 

Preparing the Plant for I^ad 

As the steam pressure at this stage should be increasing slowly towards 
150 lb. per square inch, steam may be gradually admitted to the main factory 
steam line. The feed pump is in operation at this period to increase the feed- 
water temperature, and the exhaust from the pump is directed into the feed 
heater, thus raising the temperature to 1 50" or 1 60° F., continuing in this manner 
until nearing working pressure. 

As the working pressure is approached, it becomes necessary to remove 
from the superheater tubes any condensate which may have collected during 
the steam-raising period. It is good practice to open the drains early during 
steam raising, not only to remove condensate, but, if the drains discharge 
into the feed-water tank, this heats the feed water and also minimises the 
amount of make-up water required for the boiler-feed supply. If proper drainage 
is not provided, water may pass into the engine or turbine with disastrous results. 

Each boiler can now be separately connected to the main steam pipeline 
when within a few pounds of the working pressure, the gases transferred from 
the chimney base to the economiser, the fires conditioned, dampers regulated, 
and full operational duties carried out. 

When the factory steam mains are heating, it is advisable to examine all 
steam traps and*open the trap by-pass valves, thus ensuring that air is expelled 
and surplus condensate water. During this operation, as steam proceeds 
through the mains from the boilers, the boiler-water levels decrease. It is 
during this period that the feed pump should receive the necessary attention to 
ensure sufficient w&tei^being maintained in the boilers. 

When pressure is commencing to rise, all traps on the steam mains should 
operate on direct sleam and discharge the condensate into the return pipe to 
the feed tank or otherwise. If this safeguard does not receive attention and 
turbines are used for electrical generation, the danger lies in condensate passing 
to the vanes. Also, in the case of reciprocating engines, severe shocks and 
possible damage may ensue, due to the small amount of clearance allowed 
between the pistons and the cylinder ends. 
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Loading Conditions 


When the plant is in full operation, that is, each individual boiler is steaming 
at working pressure, connected to the main steam line, with mechanical stokers 
in operation, the induced draught fan, and the feed pump supplying water to the 
boiler through the economiser, the feed heater and the de-aerator working, 
the temperature averages from feed tank to the main steam pipe are as follows : 


Feed-water tank 
De-aerator outlet 
Feed-heater outlet . 

Economiser outlet . 

Temperature of saturated steam 
Temperature of superheated steam 
Working steam pressure . 


60° F., average. 

120° F., average. 

160° F., average. 

300° F., average. 

392° F., average. 

580° F., average. 

210 lb. per square inch. 


F/ue Temperatures 
Side-flue exits . 
Economiser inlet 
Economiser outlet 
Chimney base 


700-800° F. 
600-650° F. 
400-450 ' F. 
300-350° F. 


Draught at side-flue exits 
Draught at chimney base 


0*25 w.g. 
1*05 w.g. 


Operating Efficiency 

Should the plant consist of four Lancashire boilers rated at 10,000 lb. of 
steam per hour, this would be 40,000 lb. of steam at full capacity and 
evaporating at 7 lb. of steam per pound of coal. In this case the consumption 
would be 40,000 4 - 7 = 5,714*3 lb. coal, and coal consumed per boiler hour 
5,714 -f. 4 - 1,428*6 lb. 

If the grate area is 40 sq. ft., then coal consumed per square foot 


If the total heat in the steam is found from the Steam Tables to be 1,309 
B.Th.U.s when superheated to 580° F., and the calorific value of the coal 
11,000 B.Th.U.s per pound, then the overall efficiency of boiler, economisdr, 
and superheater is 


7 X (1309 - 160>- 32) 
11,000 


X 100 


= 75*1 per cent. 

The total heat usefully employed is therefore 75*1 per cent, of 11,000 
B.Th.U.s - 8,261 B.Th.U.s. 

The amount of heat wasted or lost = 2,739 B.Th.U.s or 24*9 per cent. 
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If four boilers ^re in operation 12 hours per day during 5 days per week 
^ 4 X 12x5— 240 hours. 

Also, two boilers operating an additional 12 hours each on night shift 
(6 p.m. to 6 a.m.) 

2 X 12 X 5 ^ 120 hours. 

Therefore, the total hours steamed per week will be 
240 + 120 360 hours. 

At 1,428-5 lb. of coal per boiler hour, this is 
1428-5 X 360 
2240 


in tons per week 229-58. 

At 50s. per ton the coal costs 

229-58 X 50 
^16 


£573-95. 


If each boiler evaporates 10,000 lb. of steam per hour, pounds of water 
evaporated weekly 

360 X 10,000 = 3,600,000 lb. 


The cost of evaporation per 1,000 lb. 

Cost of coal in pence 
~~ Total water evaporated in 1000 lb. 


573-95 X 240 
3600 


= 38-26^/. per 1,000 lb. 


It is therefore important that the cost per 1,000 lb. of water evaporated 
should be at the minimum. This can be achieved by selecting suitable coal, not 
only for the higher calorific value, but also with due regard to suitability. By 
introducing a blended mixture, maintenance costs can be reduced, and 
operating efficiency maintained. 


W. L. 



YARROW LAND 
WATER-TUBE BOILERS 

A FTER a new boiler has been erected by the manufacturers and before 
/% completing the lagging, the following operations and inspections should 
-L JLbc carried out under the supervision of a responsible engineer: 

(1) Flues, ducts, boilerpasses,andfan casings should becleaned and inspected. 

(2) Dampers must be checked to ensure that they move freely from the 
“open” to “shut” positions, and that each index is correct. 

(3) The inside of the boiler drums should be wiped clean, wire brushed, and 
swept out, and the grease used when expanding the tube ends removed. 

(4) The insides of all tubes should also be wire brushed and the internal 
gear in the steam drum replaced. 

After these preliminaries, the inspection or searches described next must 
be carried out on every tube in the boiler, to make sure that there are no 
obstructions : 

(1) Straight tubes should be sighted from the steam drum, using a light held 
at the bottom of the tube in the water drum. 

(2) Bent lubes may be searched by passing through them a suitable size of 
ball on a string. 

(3) Water wall tubes, uprisers, and down comers must be searched in a 
similar manner. 

(4) The superheater tubes should also be inspected by blowing a wooden 
ball through them, and when the search is completed the superheater internal 
gear should be replaced and carefully jointed. 

As soon as the engineer is satisfied that no foreign material is left inside the 
boiler and superheater, the manhole doors may be jointed in place. A certificate 
to the effect that the boiler has been examined and is free from obstruction 
should then be signed and filed at the boiler manufacturers’ head office. 

When the manhole doors have been fitted, the fans should be checked for 
direction of rotation and run for several hours with the darnpers very slightly 
open. Where bearings are water cooled, the water flow should be observed to 
ensure that it is sufficient. If a mechanical stoker is fitted, it should be run for 
twenty-four hours at varying speeds. The feed pumps must also be given a trial 
run and the water supply checked. 

Warming up and Boiling out 

The next procedure is to fill the boiler with feed water until the wate^r 
level shows one-quarter in the gauge glass. Washing soda (7 lb. for every 
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ton of water in the boiler) should be dissolved in water and passed into the 
boiler. 

Then the safety-valve rings must be removed. The blow-down valves on 
the water drums and the water-circulating valve between steam drum and the 
blow-down pipes should be fully opened and the blow-down water master valve 
kept shut. If the boiler is fitted with warming-up pipes and fittings, steam, when 
available from an external source, should be used to assist in circulating the 
water from water drums to steam drum until all water in the boiler is heated to 
about 200° F. The fires may then be lit. If no warming-up system is installed, 
the fires should be lit when the boiler is cold, but the blow-down valve should 
still be operated as stated above. This procedure avoids pockets of cold water 
remaining in the bottom of the water drums with risk of drum distortion. It is 
a good practice to heat the boiler slowly. 

Slow fires should be maintained steadily for about one week to dry the 

brick settings. If the boiler is htted with a mechanical stoker, this should he 
moved forward a few feet every four hours and the fire dra wn towards the front 
of the boiler. This will avoid local overheating of the grate. During the drying- 
out period, the air valve at the top of the saturated steampipe and the super- 
heater drains should be kept partly open and a pressure of 15 lb. per square inch 
in the boiler must not be exceeded. 

On completion of the drying-out period, the fires should be increased and 
the pressure raised to about 50 lb. per square inch for a further eight hours, 
with the air cock and superheater drains still kept partly open. This boiling 
out is intended to remove all traces of grease from inside the boiler. During 
boiling out, blow the boiler down by half the gauge glass every hour by easing 
the master blow-down valve. Loss of water due to evaporation and blowing 
down should be made up by feeding more water through the economiser into 
the boiler. 

Lagging 

During the drying-out and boiling-out period, the lagging should be 
completed on boiler drums and pipes. 

Washing Out 

After boiling out, allow the fires to die out and the boiler to cool naturally. 
When cold, and with no pressure in the boiler, open the air valve fully to kill any 
vacuum. The boiler should then be emptied, the manhole doors removed, and 
the boiler .ventilated. No naked lights must be allowed near manholes or inside 
the drums until ventilation is complete; otherwise there is a risk of explosion. 

The inside of drums and tubes must then be thoroughly washed down with 
clean water from a hose. If, on examination, the interior is not thoroughly clean 
and free from grease, boiling out should be repeated. 

Care must be taken to ensure that no foreign matter gets into the boil^, 
and if this is in doubt, a. new search of the tubes should be made. 
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Ftg. 2. — Vertical 

ARRANGEMENT OF 

BOILER 

Evaporation : 
M.C.R. 210,000 lb. 
per hour 

The boiler auxili- 
aries can be arranged 
to srit any layout, as 
shown here and in 
b'g. 3. 



On completion of the washing down, the boiler may be closed up and filled 
to working level with feed water. 

Setting High- and Low-water Alarms 

The alarms must now be tested by raising and lowering the water in the 
steam drum to th« levels at which they should operate. For this the hand-feed 
valve should be used with the automatic-feed regulator isolated. Internal-type 
alarms are usually tested during the drying out and boiling out period, so that 
adjustments can be made after the boiler is emptied. External alarms are 
generally adjusted at, a l^ter stage. 

Non-steaming Economiser Relief Valves 

The economiser, if of steel, should be subjected to full no-load pressure 
from the feed pumps to see that the relief valves do not lift. Examine these 
valves to see that they are free and there are no gags in place. With cast-iron 
economisers, the specified setting of the relief valve is checked by admitting 
water from the feed range, the valve between economiser and boiler being 
shut. 

E.W.P. IV— 8* 
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Fig. 3.— Horizontal arrangement of boiler evaporation: M.C.R. 100,000 lb. 

PER HOUR 

First bringing Boiler to Working Pressure 

Proceed by partly opening the air valve on the saturated steampipe and the 
superheater drain valves. Then open fully the blow-down valves on the water 
drums and shut the master blow-down valve. The integral blow-down pipes 
act as connections between water drums, thus avoiding temperature difference, 
as referred to under “Warming up and Boiling out.’’ 

The water in the boiler should now be warmed up by steam from an external 
source whenever available. Fires should then be lit and kept low, so that the 
water is heated slowly and evenly. 

Adjust the fires to raise the pressure, and when this reaches 10 lb. per 
square inch, close the air valve, but keep the superheater drain valves slightly 
open to prevent overheating of the tubes and to prevent accumulation of water. 

Slowly raise the pressure until normal working pressure is readied in about 
four to six hours, depending on the size of the boiler. The external source of, 
steam for heating should be shut off when the pressure in the boiler is approach- 
ing that of the external supply. . . 

Setting Boiler and Superheater Safety Valves 

When the correct working pressure has been reached, the safety valves^ are 
floated in the presence of a responsible oflicial (usually the Insurance Company’s 
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surveyor attends). The valve-makers’ instructions should be strictly followed. 
Each valve in turn is tested and adjusted until all valves lift at the specified 
pressures. The safety-valve rings are adjusted to the correct dimensions, and 
replaced on the valves. 

Superheater safety-valve settings are lower than steam-drum valve settings. 
This is necessary to maintain steam flow through the superheater tubes in case 
of sudden shut down. The setting of the respective safety valves must be as 
specified. 

When this work is completed, the valve caps should be put in place and 
locked, and the key stored by a responsible official. This key should never be 
available to unauthorised persons. The safety-valve easing gear should then be 
tried to see that it. is operating satisfactorily. 

Connecting Boiler to Steam Range 

Tf the steam range is already under pressure, the pressure in the boiler 
must first be brought to equal that in the range, then open the by-pass valve 
(when fitted) on the main stop valve slowly, and later the main valve should be 
opened gradually, ’^hen opening to a cold steam range, the stop valve should 
be slightly eased open to allow the range to warm up slowly and avoid water 
hammer, and thereafter opened very gradually. The range drain valves must 
be kept open until the pipes are thoroughly heated and the steam flowing 
normally. Only after the boiler is delivering steam to the range should the 
superheater drains and individual blow-down valves be shut. 
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Soot Blowers 

After the boiler is on the range, each soot blower can be tried, but before 
doing so the soot-blower drain valve should be removed and the pipes blown 
through atmosphere to expel any dust from the system. After the drain valves 
are replaced, open the master steam-supply valve slightly and allow time for 
heating and draining the blower steampipes ; this requires about ten minutes. 
The master valve should then be opened fully and each soot blower operated 
by turning the handwheel first to the “full on” position and then back to the 
“steam off” position. This process, taking about one minute, should be repeated 
three times for each soot blower. When all the blowers have been tried and 
returned to the “full off” position, the master soot-blower steam valve is shut 
and the drain valves opened to avoid a vacuum in the pipes drawing in gases 
which are liable to cause rapid deterioration of the pipes. All furnace blowers 
must be fully retracted after blowing to avoid damage to the nozzles. It is 
important that a soot blower should not be used on a cold boiler. All draught 
gauges must be shut off before soot blowing. 

Feed-water Regulator 

This should now be tested to see that it operates freely, and is adjusted to 
maintain the water level at the height in the gauge glass indicated on the 
boiler mounting drawing. 

Instruments 

The boiler instruments can now be put into service, and, where necessary, 
adjusted as makers’ instructions. 

General 

In cases where Yarrow & Co. erect the boiler and set it to work, the above 
operations are usually supervised by their resident engineer. Thereafter the 
boiler is available for commercial operation by the purchasers’ staff, and the 
purchaser becomes responsible for complying with Home Office Regulations, 
the Factories Act, and Electricity Regulations. 

Starting up and increasing load should be done graduallyn Rapid changes 
are hable to damage furnace refractory linings. A good guide for moderate- 
and large-size boilers- is to limit the rate of increase in the steam temperature 
to 100° F. per hour.* 

OPERATION 

The following boiler controls are provided, and are normally operated so 
that the predetermined steam pressure is maintained : 

L Thickness of Fuel Bed and Grate Speed , — Thickness is adjusted by 
raising or lowering the coal gate at the front of the grate on boilers fitted with 
chain-grate stokers. Various forms of speed-control mechanism are provided, 
depending on the type of stoker. The same quantity of fuel can be burnt with 
a thin fire and high grate speed as with a thick fixe and low speed. Judgment 
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and experience •will indicate the combination which gives the best result. 

2. Air Pressure.— This is adjusted by dampers and/or by varying the speed 
of the forced-draught fan where speed control is provided. 

3. Air Admission to Fire Bed. — With mechanical stokers of the compart- 
mented type, control is effected by adjusting the compartment dampers. 
Dampers in the rear compartments must not be open if there is no live fuel in 
that zone; otherwise excess air is admitted to the furnace and the boiler 
efficiency lowered. Rear-compartment dampers should be opened when necessary 
to prevent unburnt fuel passing over the rear dumps to the ash hopper. Con- 
siderable skill and experience are needed to find the combination of compart- 
ment damper openings, draught, fuel-bed thickness, and grate speed (see 1) to 
give the highest efficiency with the coal in use. 

4. Suction Draught. — This is adjusted by flue dampers and/or by varying 
the speed of the induced-draught fan where speed control is provided. Where 
both induced-draught and forced-draught fans are fitted, the suction in the 
furnace should be maintained between 0*05 in. and 0-15 in. W.G. below 
atmospheric pressure. Too much suction causes infiltration of air, and too little 
may result in overheating of furnace fittings and, in extreme cases, the issue of 
smoke and gases into the boiler-house. 

Fuel Firing 

(u) Hand-fired Fixed Grates. — Fire regularly and at short intervals through 
alternate fire doors. Keep a thin even fuel bed with all corners of the grate 
covered, including the space at the front between the fire doors. The thickness 
of the fire depends on the class of fuel and the demand for steam. Too thick a 
fire bed is uneconomical in fuel consumption. The best results are obtained by 
an even fire and regulating the draught to give a very light-brown smoke. 
Firing should be done smartly and the fire doors opened for as short a time as 
possible to minimise ingress of cold air to the furnace. Coal should not be piled 
up at the front of the grate and afterwards pushed back. When demand for 
steam increases, the draught should be increased, and when the demand for 
steam falls, the draught should be reduced. It is bad practice to control steam 
pressure by optning fire doors and allowing cold air to enter the furnace. 
Clean fires, one at a time, and at regular intervals, working rapidly so that the 
fire door is open no longer than necessary. With some good coals the occasional 
use of a pricker bar will keep the fires clean for long periods without using a slice. 

(b) Mechanicai Stokers. — The aim in operating a mechanical stoker is to 
secure complete combustion of the fuel on the grate and of the gases in the 
combustion chamber without permitting excess air to enter the furnace. No 
hard-and-fast rule can be given for the thickness of fire or for the air pressure 
for any given steam output, as these depend on the class and size of coal, but 
the air pressure under the grate should be kept as low as practicable, especially 
with fine coal. The most efficient setting is a matter for experiment and judg- 
ment. It is usual to burn out the fuel on the grate not more than three-quarters 
down the length of the grate, for the following reasons : 
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Fig. 5.— Yarrow boiler k)r gas firing 

The boiler illustrated is arranged to burn coke-oven gas or blast-furnace gas in conjunction 
with coke and coal, on a mechanical stoker. 

(1) A sudden call for increased steam can then be met by increasing the 
grate speed without unburnt fuel reaching the dump bars. If holes are burnt in 
the dump bars, live coals may reach and damage the stoker chain. 

(2) If the fire is shorter thah three-quarter length, heat *under the front 
arch may be too intense, with consequent damage to the arch blocks. 

(3) The length of- fire affects superheat, and this factor also may influence 
adjustment of furnace controls. 

(c) Other Fuels. — When firing pulverised coal, oil, WQod, producer gas, 
blast-furnace gas, coke-oven gas, etc., the instructions issued by the firing 
equipment* makers should be followed. 

Control of Air 

The total quantity of air admitted to the furnace through the grate and 
overhead secondary air nozzles is indicated by the COj meter. Too high COg 
will give incomplete combustion, with smoke or CO at the chimney, and may 
result in damage to the "brickwork of the furnace. Too low a COg reduces the 
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boiler efficiency and increases the fuel consumption. As a general guide, CO 
is generally of the following order when burning various types of fuel : 


Boiler Exit Chimney Base 

Per cent. Per cent. 


Pulverised fuel . I3-J4 12-13 

Stoker firing (various coals) . 12-13 11-12 

Oil firing .... 11-12 10-11 


Some boilers are equipped with a steam-flow/air-flow indicator which is set 
initially by the combustion engineers. Thereafter the fireman adjusts the air 
supply by observing this indicator instead of a COg meter. Combustion can 
sometimes be improved by increasing the proportion of secondary air, thus 
increasing the turbulence in the furnace. 

Banked Fires 

When a boiler is Jo be banked, the following procedure should be followed : 

(1) Close the dampers (and stop fans if these are individual to the boiler). 

(2) Cut off the coal supply. 

(3) Stop the grate^and push the coal back 3 ft. from the feed door. 

(4) Cover the grate in front of the feed door with damp riddlings in order 
to seal the furnace. 

(5) Close the main stop valve. 

(6) If the boiler is to be banked for an appreciable length of time, the valve 
on the steam range should be closed. 
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(c) Other Fuels. — When firing pulverised coal, oil, WQod, producer gas, 
blast-furnace gas, coke-oven gas, etc., the instructions issued by the firing 
equipment* makers should be followed. 

Control of Air 

The total quantity of air admitted to the furnace through the grate and 
overhead secondary air nozzles is indicated by the COj meter. Too high COg 
will give incomplete combustion, with smoke or CO at the chimney, and may 
result in damage to the "brickwork of the furnace. Too low a COg reduces the 
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Emptying Ash Hoppers 

Ash hoppers must be discharged at regular intervals to prevent ashes 
accumulating and covering the stoker ash plates and supports, and so damaging 
them. 

Cleaning Side Walls 

Furnace side walls and arches should be kept reasonably clean. Side-wall 
cleaning, when necessary, should be done while the clinker is hot, as it is then 
soft and more easily removed by a slicing iron, which should always be kept 
at the correct angle so as not to damage the brickwork. 

Air Heaters 

Air entering air heaters should have a minimum temperature of 90° F. In 
humid countries a higher temperature is necessary to prevent condensation of 
moisture on the surfaces. Condensation from flue gases results in dilute 
sulphuric acid attacking metal parts. A good rule is to operate so that the 
temperature of air entering, added to the temperature of gases leaving the air 
heater, never falls below a certain figure which, under some circumstances, 
may be about 330° F. Adjustment of dampers for air and by-passes and for 
recirculating air enables this condition to be maintained. 

Water-cooled Bearings 

The nozzles from which the cooling water discharges from the water-cooled 
bearings should be observed at regular intervals, to ensure that a sufficient 
but not excessive flow of cooling water is being maintained. 

MAINTENANCE WHILST IN SERVICE 
Water gauges and gauge cocks must always be kept clean. The water gauge 
should be blown down at least once every shift, the usual procedure being 
adopted so as to prove that both steam and water passages are clear and that 
the true level is being indicated. 

Feed Pumps 

All standby pumps should be run for at least one hour each week to ensure 
they can be relied on for immediate service in case of emergency. 

Safety Valves 

Once a week each safety valve should be eased to ascertain that it is working 

freely. The setting should be checked if at any time the adjustment is in doubt. 

« 

High- and Low-water Alarms 

High- and low-water alarms should be tested once a fortnight by raising 
and lowering the water level in the steam drum to the levels at which the alarm 
should operate. This test is performed on the hand-feed regulator with the 
automatic regulator isolated. 
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Soot Blowers 

Soot blowers should be lubricated as makers’ instructions. 

Bearings on Motors, Fans, Feed Pumps, etc. 

All bearings should be oiled or greased regularly as makers’ instructions. 

Refractories of Furnace Linings and Arches 

The greater part of the refractories should last for years without attention, 
but in the regions subject to* more intense heat or scouring action, they may in 
time fuse, spall or gouge. These parts should be repaired or replaced periodically 
to avoid accelerated deterioration and consequent damage to other parts by 
overheating. Metal parts must never be allowed to overheat. If the class of fuel 
burned is such that repairs are excessive, it may be found helpful to increase the 
suction in the furnace to 0-2 in. W.G. or to operate at a lower percentage of 
COg, but as either of these involves reduced efficiency and increase in fuel 
consumption, it should be adopted only as a last resort and then only after 
expert consultation. 

Instruments 

All instruments should be checked frequently for accuracy, as incorrect 
instruments mislead and may result in less efficient operation than if no instru- 
ments had been provided. 

Casing Leakage 

Boiler and economiser casings and flues are unlikely to develop leaks, but 
occasional observation should be made to avoid infiltration of air into the gas 
passages. 

Hand Lamps 

Risk of accident due to faulty hand lamps and leads should be guarded 
against during boiler repairs and maintenance. Home Office pattern hand 
lamps should be used, and it is good practice to limit the A.C. supply to 25 volts. 
Lamp leads should be three-core;, one core to earth the frame of the lamp. 

OVERHAUL AND MAINTENANCE 
Every boiler should be taken out of service at regular intervals for cleaning 
and repair. It is customary to overhaul each boiler thoroughjy once a year and, 
in addition, to clean and do urgent repairs at other times as found necessary. 
During the annual overhaul, gas passages, economisers, and air heaters are 
thoroughly cleaned. Inspecting authorities will examine the condition of the 
pressure parts and, where required, brickwork will be removed to expose the 
drums for external inspection. A hydraulic test will also be made and witnessed 
by the surveyor. Boiler drums and tubes are cleaned internally and repainted 
in cases where Apexior has been applied previously. If scale forms in the tubes, 
they should be cleaned before the scale reaches eggshell thickness. 



YARROW LAND WATER-TUBE BOILERS 


239 


Further Safety Precautions 

When a boiler has been taken out of service for overhaul, the following 
safety precautions must be observed : 

All valves capable of being opened to atmosphere should be fully opened, 
and steps taken to ensure that the boiler is safe for persons to enter. In instal- 
lations having more than one boiler the steam stop valve, feed valves, blow-off 
valves, and all other valves and cocks which may be a source of danger must be 
closed and locked, so that they cannot be opened by accident while overhaul is in 
progress. An alternative precaution is the removal of a length of pipe between 
each pipe range and the boiler unit. The latest Factories Act or applicable 
regulations must always be complied with in regard to precautions against 
accident. Water should not be thrown on hot flue dust or ashes in a confined 
space or in any place where this may result itl danger. 

Tube Replacement 

Should it be necessary to replace a boiler tube, cut completely through each 
end circumferentially, about 1 in. from the drum, and remove the main portion 
of the tube. The ends left in the tube plates after cleaning off ragged edges can 
usually be driven into the drums, but if this cannot be done, the bell-mouth 
inside the drum should be cut off and a slit cut down the tube in the tube hole, 
great care being taken not to damage the hole in the drum-shell plate. The tube 
end can then be driven out. Spare tubes are cut to length and ends rounded. 
When the new tube is in position, the ends are expanded to fit tightly into the 
tube plate. The ends are then belled with a belling tool until the diameter is not 
less than i in. larger than the plain tube size. After the ends have been belled, 
they should again be expanded. If the tube is in the middle of a bank, it may be 
necessary to remove other tubes so that the new tube can be laced or stepped 
into position by alternately moving the ends into the holes left by the tubes 
removed for access. 

Tubes should have the ends annealed before they are put in place, so that 
the part to be expanded and belled is in a soft condition. 

Precautions after the Overhaul 

When a boiler Jias been cleaned and repaired, and before closing up it must 
be thoroughly searched as previously described. 

The safety valves should be floated and adjusted if necessary at the conclusion 
of each annual overhaul before the boiler is put into service. 

During the overljauh draft gauge piping should be thoroughly cleaned and 
all instruments repaired 
Boiler Standing Unused 

Useful notes on tfie preservation of idle boilers are given in B.S. 1170: 1947, 
clause 18. 

A boiler that has been standing unused for a period should be thoroughly 
examined externally and internally before being put back into service. 

We are indebted to Messrs. Yarrow & Co., Ltd., for the information and 
illustrations used in this article. 
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RAISING STEAM 

B efore putting a boiler into service after repairs or lying idle for a 
considerable time, it should be examined to make sure that : 

' (1) It has been cleared of internal obstructions, such as charcoal 

burners and lime trays. 

(2) All internal fittings and access hole covers are in place and properly 
secured. 

(3) All mountings on which work has been carried out since last steaming are 
in proper working condition (e.g. gags removed from safety valve after water- 
pressure test). 

(4) AH lashed valves are unlashed if work is complete. 

(5) All dampers, air doors, fan controls, and safety-valve easing gear are 
working properly. 

(6) Air preheater is by-passed by damper where so fitted. 

(7) There is no inflammable material near the boilers; the burner valves 
are shut, and there are no oil leaks and no oil in the bilges ; the sand box, if 
carried, is full. 

(8) The furnace and all air and gas passages are clear and well ventilated ; 
any dampers in the uptakes are in the desired position, and locked if not 
required for steaming control. 

FilUng 

When the above have been checked, clean distilled (preferably hot) water 
should be pumped into the boiler, through the running-down valve, if possible, 
to prevent aeration. Otherwise it should be pumped into the boiler, using both 
main and auxiliary feed arrangements to check their satisfactory working. The 
highest air cock on the system and the superheater drains should be open. Stop 
filling as soon as water is visible at the bottom of the gauge glass. The boiler 
is then ready for lighting up. 

Time Required 

If the furnace brickwork is new or has recently undergone repairs, the 
preliminary heating must be carried out very slowly, using only the smallest 
burner available as low down and central in the furnace as possible, or a large 
wood fire may be built inside the furnace while one of the registers on the 
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Pig. 1, — General view of the boiler room of K.M.a 
Yarrow marine water-tube boilers are installed. 
{Stewart Bale, Ltd.) 
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Fig. 2.— Arrangemeni to illustrate the compact layout possible with 

MARINE BOILERS 

Note the short overall length of the stokehold and the wide central firing aisle. The boilers 
arc of the five-drum, double-flow, side-fired type, and are fitted with Yarrow superheaters and 
tubular air preheaters. 

boiler front is still open. It may be found necessary to shut off the burner 
frequently to maintain the required slow rate of heating. When the whole of 
the brickwork is new, it is recommended that between twenty-four and forty- 
eight hours be allowed from the time of lighting the fires to connecting the 
boiler to the main line. If the brickwork is not new, two or three hours should 
be sufficient, although this may be further reduced if increased brickwork 
maintenance is acceptable. If the bottoms of the water drums are accessible, 
these should be felt by hand to ensure that a reasonably uniform temperature is 
being maintained throughout. 

Connecting Up 

In raising steam from cold when no steam is available for fans and fuel oil 
heating and pumping, the auxiliary stop valve should be opened on to the line 
before heating commences in order that as soon as steam is available from the 
boiler it can be used for these services. When steam is already available oh this 
line from other sources, these accessories can be supplied without-trouble, and 
the auxiliary stop valve will be kept shut. 

When steam issues freely from the air cock, shut it, but leave the superheater 
drains open and continue heating. Before the boiler pressure reaches the main- 
line pressure, check the water level, which \v>ill then be about full glass, due to 
the expansion of the water ; care must be taken to prevent it passing out of 
sight when the boiler is connected to the main fine; use the blow down as 
necessary to control this. 
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Before opening the main stop valve, drain any water out of the main line. 
When the boiler pressure is equal to the main-line pressure, open the main stop 
valve very slowly. As soon as the boiler is in use and delivering steam, shut the 
superheater drains and the preheater by-pass, and follow the routines for 
normal running. 


UNDER WAY 

The output of the boiler may be adjusted by varying the number of sprayers 
in use, the oil pressure, or both. With most oil-fuel systems, the oil pressure may 
be varied between 75 and 150 lb. per square inch for normal operating 
conditions. It should not be allowed to fall below 50 nor rise above 175 lb. per 
square inch. Small variations of output •are most conveniently effected by 
altering the oil pressure ; the larger variations by the number of sprayers used. 
It is recommended that for steady steaming the number of sprayers used should 
be such that the oil pressure required is between 140 and 150 lb. per square 
inch, thus allowing for minor variations in output by altering the oil pressure 
without excessive disturbance of the condiiions in the combustion chamber. 
Generally, a small number of burners at a high pressure for a given output 
will be more economical and give better combustion than a large number at a 
lower ^pressure. For steady steaming the oil pressure must be maintained 
constant. If the pressure^ pulsates, check that the oil levels in the fuel-pump 
discharge air vessels are in sight, but well down in the gauge glass. 

Oil Temperature 

The oil must be heated to make it sufficiently fluid for efficient spraying. 
The most suitable temperature at the burners depends on the type of oil, and 
varies from a maximum of about 220'' F. for the heaviest oils down to about 
80'' F. for shale and Burmah oils. For Texas, Western grade, and similar oils, 
a temperature of about 160‘' F. to 180'" F. is generally best, and for Persian oil 
about ISO"" F. to 150° F. In addition to causing pulsation and unsteady burning, 
too high a temperature for any given oil renders it liable to “cracking” in the 
heater, with coivequent clogging of the pipes and burners. Too low a temper- 
ature, however, mUy produce late burning in the uptakes, with loss of efficiency, 
smoking, and injury to air heaters. 

Air Supply 

The quantity of air required depends upon the amount of fuel being burned 
and the temperature of the air. For maximum efficiency the supply should be 
regulated to produce a thin brown haze at the funnel. The light seen through 
the smoke observation windows will then be clear, and the size of flame from 
each sprayer of the same pattern will be approximately the same. 

Too much air will produce white smoke, and will be indicated by bright 
flying sparks in the furnace. Too little air will produce black smoke, and may 
tend to cause late-burning in the uptakes, with overheating of the air 
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PEPCENTAGE CO£. 

Fig. 3.— Boiler efficiency chart 

Chart giving the gross efficiency of a boiler from the funnel gas temperature and the 
percentage volumetric composition of the dry funnel gases. ^ 


FUNNEL GAS TEMPERATURE 
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distributors, preheaters, etc., sooting up of the gas passages and pulsation. The 
effect of pulsation is for the oil to burn in a series of explosions accompanied by 
backflash and vibration. If prolonged, it may damage the brickwork. Either of 
these conditions will reduce the efficiency of the boiler. 

Under ordinary circumstances the requisite amount of air can be obtained 
by regulating the fan, as it is usual to run with the air-box doors fully open. 
Whenever the fan output is varied, however, watch the flame carefully, as some 
readjustment of individual air doors may be required. When a burner is shut 
off, close the corresponding air doors and when easing down or stopping reduce 
the oil supply prior to the air supply to ensure that any inflammable gas is 
blown out. If a fan stoppage occurs, shut the oil supply to burners at once. 

The use of COg, CO, and Og indicators, if fitted, simplify the control of 
combustion. With the combustion controlled as above, the percentage of 
CO 2 should vary between 1 1 and 15, depending on the fuel in use ; the Og should 
be the minimum (about 3 per cent.) consistent with zero indication of CO. Com- 
bustion cannot be improved when any reduction in air supply is accompanied 
by the formation of CO. If a CO 2 indicator only is fitted, too low a reading 
indie?! tes too much air. The chart in Fig. 4 shows how the excess air supply may 
be estimated from the COg or oxygen readings for a typical oil fuel. 


Burners 

It is of the utmost importance that each burner should be located in its 
correct position, i.e. set central in and co-axial with its distributor and at the 
proper distance from the exit end of the distributor, so that with the correct 
amount of air passing, the spray almost, but not quite, touches the brick quarls 
or air-tube baffle. On this adjustment depends the efficiency of the whole plant. 
If the main part of the spray impinges, carbon will form ; if, on the other hand, 
the spray is too far away, the admixture of air and fuel will be imperfect; in 
either case, unsatisfactory burning will result. Deposits of carbon arising from 
inefficient combustion may sometimes form on the brickwork at the mouths 
of the burners and on the floor or side walls of the furnace; these should be 
removed regularly with the cleaning tool to prevent them becoming extensive 
and difficult to remove without injury to the brickwork. Steps should be taken 
at the first possible opportunity to rectify the cause of the trouble. If a burner 
is dripping, change and repair. One faulty burner may be misleading in pro- 
ducing black smoke without necessarily indicating too little air. There is no 
harm in the irregulaf light particles of oil from the spray impinging, as this only 
causes a feathery deposit which is removed by the slightest touch of a poker 
and indicates correcUsetting. 

For good burning, it is important that the light outer part of the flame 
should curl back within the distributor and act regeneratively (i.e. keep the 
tube hot and dry, not red hot, to vaporise and ignite the incoming oil and 
heat the combustion air). To induce this action, it may be necessary to shut the 
air doors momentarily and suddenly release them. If this is not effective and 
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Fio. 4 — Chart for calculation of excess air 
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Fig, 5. — Typical Yarrow three-drum boiler with MeLeSco superheater 
As built by R. & W. Hawthorn Leslie for the Furness Withy and Donaldson Lines. 
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AIRHEATER 



8 -ROW 
WATER DRUM 


14- ROW 
WATER DRUM 


Fio 6.'— Diagrammatic arrangement of a Yarrow three-drum boiler ftited wm 
MeLeScx) superheater 

The boiler is of the single-flow type, with gas by-pass for super^t control, end firing* an 
Yarrow vertical tubular air pitheater. The normal output is 28,000 lb. per hour, at 455 11 
per square inch, and 825° F. from feed water at 300° F. 
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the combustion tube is wet, the burner may be defective, the oil too low in 
temperature, or the air supply excessive. 

If a burner becomes extinguished, the cause should be traced, and may be 
due to any of the following : 

(1) Air passing over from the air vessel of the oil pump. 

(2) Water mixed with the oil from the oil-fuel tanks or leaky heaters. 

(3) Choking caused by solid matter, either due to the filters failing to 
remove foreign matter or to carbonising of the oil. 

(4) Too high an oil temperature. 

(5) Excessive air supply through distributor. 

(6) Blast of steam from sootblowers. 

If the trouble is due to water, change the fuel lank and heater in use. As it 
will be some time before fresh oil reaches the burners, care must be taken to 
prevent an accumulation of unburnt oil in the furnace. If a burner chokes, 
remove and clean it thoroughly at once. Burners should be taken to pieces and 
cleaned periodically, this being carefully carried out to prevent damage to the 
outlet holes and spindle. 

Filters and Strainers 

Occasional examination of oil filters and strainers is necessary to ensure 
their satisfactory operation. Gauges are fitted on each side of the filters so that 
the pressure difference will indicate how clean they are. The filters are arranged 
in pairs with isolating valves, so that one can be opened up for cleaning while 
the other is in use. 

Smoke 

In general, a fair indication of the combustion efficiency will be given by 
the colour and density of the smoke and the steadiness of combustion. If the 
smoke is faint, brown and regular, combustion is probably good. If black or 
irregular, the normal sources of trouble will be : 

(1) Insufficient air. 

(2) Oil too cold. 

(3) CombustiojT tubes or furnace dirty or obstructed. 

(4) Air doors not open. 

(5) Defective burner. 

White smoke is generally caused by : 

(1) Excessive air supply. 

(2) Oil too hot. ‘ " 

(3) Water in the oil. 

Manceuvring 

When manoeuvring, or at any time when rapid changes of load or astern 
movements may be required, the superheater and the air preheater should be 
by-passed as far as possible by dampers where so fitted : the former to reduce 
the steam temperature at the turbines and the latter to prevent excessive 
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deposits at the outlet end of the air heater due to the lowered gas temperatures. 
The preheater should be by-passed at light loads also (when operating at 
funnel temperatures below 250° F.), particularly when the ambient air temper- 
ature is low, as in the Arctic regions and in winter in the North Atlantic. 

It is also advisable, under these conditions, to keep the standby auxiliaries 
(oil-fuel pump, oil-heater, feed pump, etc.) idling for use in case of emergency. 
The water-level should also be watched with even more than usual care, since 
it is liable to fall out of sight on large reductions of output and rise out of sight 
on large increases. 

Feed-water Supply 

When steaming steadily, the feed supply should be maintained as uniform 
in pressure, temperature, and delivery as possible. Normally, the automatic 
feed regulators allow this to be done with the feed check valve fully open, but 
it should also be possible to control the feed by hand without frequent or large 
movements of the check valve or feed-pump control. If any difficulty is 
experienced in maintaining the correct water-level, reduce the boiler output 
and ascertain the cause. When the water-level is out of sight, shut ofl* the 
burners immediately and test to see whether the gauge glass is empty or full. 
Most gauge glasses indicate this quite clearly, but in case of doubt blow down 
the gauge' glasses to make sure. Always bring the water-level back into the glass 
either by auxiliary feeding or by blowing down the boiler as necessary before 
lighting the burners again. 

Boiler-water and Feed-water Purity 

The purity of the feed water and boiler water should be given careful 
attention in view of the higher temperatures and rates of forcing now in use. 
At boiler pressures above 250 Ib. per square inch, it is now recommended that a 
qualified specialist should be consulted as to the feed treatment required, 
since each case must be treated separately in the light of different operating 
conditions and sources of feed water. In general, however, treatment is required 
if the feed water suffers from any of the following impurities : 

(1) Suspended solids, oij, organic matter, etc. These should be removed, 
first by efficient filtering, and then chemically if extreme purity is required. 

(2) Dissolved gases, Og, COg, etc. These are removed mainly by de-aeration 
and then chemically if necessary. 

(3) Permanent hardness salts and other scale-forming salts. These require 
chemical treatment if present in any appreciable quantity. 

(4) Acidity in any form. 

Chemical treatment may be employed to counteract these undesirable 
impurities, but it is much better to prevent their admission to the system by 
careful distillation of all feed water, and by attention to any sources of pollution, 
such as leaky condenser tubes, evaporating direct to condenser, disposal of 
oily drain-water, etc. In addition, certain boiler compounds in the form of 
paint may be used to prevent any hard scale which does deposit from adhering 
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to the tubes and drums. These paints are also helpful in preventing conditions 
arising which might lead to caustic embrittlement. 

The troubles associated with the above impurities are priming or foaming, 
scaling, corrosion, caustic embrittlement, and blowing-down loss. No matter 
what the treatment may be, it is recommended that a set of routine tests, such 
as the following, should be adopted to reduce the possibility of dangerous 
conditions arising in the boiler: 


Test 


Water to be Tested frequency of Tests \ Requirement 


Silver nitrate 
Boiler density 

Boiler alkalinity 

Dissolved oxygen 

Oil . 


Condensate feed tank 
Boiler (water to be taken 
from test cock only) 
Boiler 

Feed water 

Boiler water 
Dram tank 


Each watch No cloud 

Daily Less than 100 grains per 

gallon 

• Daily /?H between 9-5 and 

,11 

Daily if required Less than 0 02 c.c. per 
litre 

Regularly Visual. No sign on 

gauge glass, etc. 


This table may be taken as relating to an installation working at about 450 lb. per square 
inch. At higher pressures and temperatures, the requirements must be more stringent. 


Overload 

The Yarrow marine water-tube boiler may safely be forced beyond its normal 
designed output without ill effects provided combustion remains good, no 
pulsation is experienced, the water-level is tended with extreme care, and there 
are no signs of priming. The superheat temperature should tend to rise with 
output for any given regulator position and feed temperature; any inclination 
for it to fall should be regarded as a sign of priming. If the purity of the boiler 
water has not been kept within the prescribed limits, priming will probably be 
the first indication that the safe limit has been reached; otherwise combustion 
will be the controlling factor. 


Saot Blowers 

As soot cannot be entirely prevented even by the most efficient methods of 
burning, and since the presence of soot on boiler, economiser, and preheater 
tubes acts as an insulator while the boiler is operating and induces external 
corrosion while the boiler is lying idle, it is desirable to have some means of 
keeping the formati6n of soot down to a minimum. Where soot blowers are 
fitted, the detailed instructions for the installation should be followed with 
these points in mind « 

(1) Operation of the blowers should be at regular intervals to ensure 
removal of the soot before it is thick enough to reach its fusing temperature, 
when no amount of blowing will remove it. Frequency of operation should be 
found by experience, as it depends on the operating conditions, class of fuel, 
and efficiency of combustion. 
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(2) Do not use blowers on a cold boiler. 

(3) If wet steam is used, care must be taken to drain away all moisture 
before blowing. 

(4) Isolate draught gauges where fitted to prevent damage. 

(5) Alignment of the blowers should be checked periodically to ensure that 
steam does not impinge on drums and refractory. 

(6) If a dust extractor or an induced draught fan is fitted in the uptake, it 
should be by-passed where possible before blowing. Do not blow soot while 
the induced draught fan is stopped unless provision has been made to by-pass 
the funnel gases. 

(7) Soot blowers should be used just before shutting down as well as at 
regular intervals while under way. This should be done on entering harbour 
while the ship still has way on, to* allow the soot to clear the upper decks. They 
should also be used as soon as possible after lighting up from cold, as soot forms 
very quickly under these conditions. 

(8) See that the blast from the blowers does not extinguish the flame from 
any oil burner in use. 

Observation Fittings 

Clean smoke observation windows and mirrors as necessary, but at least 
once every twenty-four hours. Use them constantly to see that there is no 
smoke as a general check on the combustion. 

Water Gauges 

Clean and blow down once each watch. Examine for any traces of oil in the 
boiler water before blowing down. 

Auxiliaries 

Run all stand-by pumps occasionally to check their availability for emer- 
gencies. Auxiliary feed checks should be worked occasionally (when blowing 
down is a suitable opportunity). 

Leaking Tube 

In the unusual event of a boiler tube perforating and leaking into the gas 
passages while Under way, little serious damage is likely to occur if the following 
action is carried out promptly in the order given : 

(1) Shut off the oil supply to the burners. 

(2) Increase fan speed. 

(3) Shut main stop valve. 

(4) Open safety valve. 

(5) Maintain feed supply until boiler pressure has gone and boiler has 
cooled down. 

Do not blow the boiler down while there is still any heat in the firebfick. 
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When the boilei; is cooled, the damaged tube should be plugged or cut out 
and replaced, depending on the urgency with which the boiler is required back 
in service. 

Cleanliness 

Great care must always be taken to prevent any accumulation of oil in the 
air boxes, furnace bottoms, boiler-room floor plates, bilges, etc., and to see 
that no inflammable material is left lying about. If a leakage from the oil 
system to the boiler room occurs at any time, shut off tlie oil supply to that 
part of the system immediately. Place oiltight trays under all fittings from which 
liquid fuel may spill when the fitting is opened out. Keep a sandbox in a readily 
accessible place in the stokehold, and maintain fire extinguishers in efficient 
condition. 

In general, the boiler room should at all times be kept clean and tidy, as 
this contributes largely to the safety, reduced maintenance, and general efficiency 
of the boiler installation. 


SHUTTING DOWN 

In taking a boiler out of service, the foff owing routine should be carried out 
in the order stated : 

( 1 ) Close the oil valves and air flaps to each burner, one by one, until all 
burners are shut off. 

(2) Reduce fan to low speed. 

(3) Check that normal water-level is maintained until main stop valve is shut. 

(4) Shut main stop valve ; the time which must elapse before this is done will 
depend on the installation, but it should be such that the heat in the brickwork 
is reduced sufficiently to prevent the boiler pressure rising when the main stop 
valve is shut. Air doors must not be opened to hasten the cooling of the 
brickwork. 

(5) After cooling for about half an hour, one air door may be opened for 
about ten minutes to ventilate the furnace and uptakes. 

(6) Where the boiler is expected to lie idle for a few days, it is a good 
practice to pump4he boiler as full as possible with hot feed water before it has 
cooled down. In this case the superheater drains should be closed to allow them 
to fill up. When the boiler has cooled down, a check should be made on the 
vents to ensure that the boiler is full of water; if not, the pumping up should 
be completed. , 

Note that when using certain grades of oil it may be found necessary to 
remove all burners immediately on shutting down and clean them by dipping 
the ends in paraffin. * 

We are indebted to Messrs. Yarrow & Co., Ltd., for the information and 
illustrations used in this article. 
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STEAM PRESSURE REDUCTION 
AND DESUPERHEATING 


F ew works or factories generating steam for power and process purposes 
utilise all the steam at boiler pressure, and in quite a large proportion 
steam is required at several different pressures. In some cases it would be 
difficult to construct process apparatus to work efficiently at boiler pressure, 
and in others the advantages would be out of proportion to the cost. It is for 
this reason that reducing valves are to be found in practically all engineering 
works equipped with steam-generating plants. 

A few important and special processes demand a definite temperature, but 
more often a given quantity of heat in the form of steam at, say, 250° F. is quite 
as useful and efficient as the same quantity of heat at 300° F. The increase in 
total heat of steam due to pressure is small, and the latent heat upon which so 
many processes depend decreases with pressure ; therefore the most important 
factors in process work are usually the volume and the latent heat of the steam. 
When the necessary volume of steam can be effectively used in a process 
apparatus, low-pressure steam will generally be quite as useful, and more 
economical, than steam at a higher pressure. Low-pressure steam is, of course, 
frequently obtained in a most economical manner by bleeding engines or tur- 
bines, or by running the exhausts of auxiliaries to a low-pressure steam main ; 
but as it is not always possible or convenient to obtain the desired quantity of 
low-pressure steam in this manner, reducing valves must be fitted in the high- 
pressure steam main. 


The Efficient Reducing Valvfe 

An efficient reducing valve should be capable of working with the high- 
pressure inlet fupy opened and should allow steam on the reduction side of the 
valve to accumulate to the required reduced pressure and then steadily main- 
tain that pressure. Although a number of serious accidents have occurred 
during recent years following the use of reducing valves, they have not been 
due to any fault of the valves, but to the absence of safety devices 
in the process apparatus. It is safe to say that modern reducing valves, 
manufactured by reputable makers, are^ perfectly reliable, and, provided 
suitable types and sizes are selected, and the necessary precautions taken, they 
will prove efficient and require little attention beyond periodical cleaning and 
lubrication. 
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Types of Valve 

Reducing valves are con- 
structed according to innumerable 
designs, and most firms who 
specialise in this class of work 
manufacture a range of types and 
sizes intended to cover all possible 
requirements. For ordinary in- 
dustrial use, initial pressures up 
to 150 lb. per square inch with a 
fairly constant differential pressure 
and little or no superheat, the 
direct-acting diaphragm type of 
valve having a water seal is 
generally recommended. A valve 
of this description is illustrated in 
Fig. 1. This represents a Hop- 
kinson's “Springus” type valve, 
in which the diaphragm spring 
is loaded in accordance with the 
required reduced pressure. Any 
fail in this pressure allows the 
action of the spring to open the 
valve, thereby admitting high- 
pressure steam to maintain the 
reduced pressure. Under actual 
working conditions there is a con- 
tinuous flow of steam between the 
high- and low-pressure sides 

sufficient to maintain the required i._d,aphragm-operated reducing valve 

low pressure. The self-contained 

relay type is mostly used for exacting work with high pressures and single-stage 
reduction, and tl^ balanced full area type of valve is adopted when steam 
pressure and superheat are very high, with single-stage reduction and fine 
limits. 

In general industrial process work, where the initial steam pressure is 100 lb. 
per square inch or less, the old type of directly operated valve, comprising a 
spring-loaded rubbe*r diaphragm working in conjunction with a single-seated 
or a double-beat valve, has proved satisfactory and efficient over long periods 
of work with the minimum attention. This type of reducing valve can only be 
fitted in a horizontal position, and should be situated at a sufficient distance 
from the supply or outlet end of the reduced pressure main to allow the greatest 
possible reserve of low-pressure steam. 
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The Self-contained Relay Valve 

This type is particularly useful when it is necessary to make large reductions 
from full boiler pressure for heating and process work. The balance chamber 
must be connected by means of a pipe to a point some 6 ft. or more on the low- 
pressure side of the reducing valve so that the diaphragm may be influenced 
by a steady, reduced pressure. 

The Full Area Balanced Valve 

The full area balanced valve controlled by an external relay regulator has 
all the control mechanism free from contact with high-pressure steam, and 
therefore is not affected by high temperature. This class of valve is adopted for 
the highest pressures and the most exacting type of work. 

Selecting a Valve 

When a reducing valve is fitted, it is usually expected to function for many 
years, and, as with all other steam appliances, it is advisable to obtain such 
valves from firms specialising in boiler accessories. It is false economy to select 
a particular class of valve simply on account of its cheapness, and it is most 
important that the makers should be supplied with all the available data. 


Valve Size 


The quantity of steam that will pass through a reducing valve will depend 
upon the diameter and length of the high-pressure steam-supply pipe, the type 
and area of the reducing valve, and the differential pressure. If the inlet pipe is 
of sufficient diameter to carry the required volume of steam, but the valve 
too large, it will operate close to its seating with wire-drawing, vibration, and 
chatter, while if the valve is too small, the steam pressure on the reduction side 
of the valve will be irregular and difficult to control. 

The diameter of the high-pressure steam inlet to a reducing valve is depend- 
ent upon the weight and volume of steam to be delivered per hour, the length 
of the pipe, and the general lay-out of the piping. With steam pipes below 3 in. 
in diameter and saturated steam, it is usual to base calculations upon a velocity 
of about 4,500 ft. per minute. If the steam pressure is 100 lb. per square inch 
and the weight of steam 3,000 lb. per hour, then the sectional area of the pipe 
will be : 


3000 X 3-9 X 144 
60 X 4500 


— 6-2 sq. in. 


and the diameter '\/{ 6-2 0-7854) = 2-8 in., where 3-9 is the volume of 1 lb. 

of steam in cubic feet. 

A single-seated valve must lift one-quarter of its diameter to give an opening 
equal to its area and a double-seated valve half that amount. In either case 
such a lift is beyond the capacity of a diaphragm-operated valve, but in practice, 
when the reduced pressure is not less than 58 per cent, of the initial pressure. 
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Fio. 2 {right).-^umETAL reducing valve 

I. Main valve; 2. Piston; 5. Auxiliary valve; 6. Dia- 
phragm; 7. Spring adjusting screw; 8. Auxiliary valve 
strainer; 9. Main valve strainer; 10. Adjustment spring; 

11. Body; 12. Piston rings; 13. Bottom flange (or plug); 

15. Auxiliary valve spring; 16. Locking device cap; 

17. Upper spring washer; 18. Lower spring washer; 

19. Auxiliary valve top plug; 20. Auxiliary valve bottom 
plug; 21. Auxiliary valve top; 22. Main valve spring; 

23. Top flange; 24. Auxiliary valve-top screws; 28. Lock- 
nut ; 29. Spring chamber ; 30. Body studs ; 3 1 . Body-stud 
nuts; 32. Piston chamber; 33. Scat ring; 34. Bottom 
flange bushing; 35. Port bushing. 

the increased steam velocity due to the pressure 
drop and resulting superheat will usually be 
sulbcient to discharge the required quantity of 
steam when the valve area is equal to the 
sectional area of the steam inlet pipe. 

The capacity of the relay operated type of 
valve increases with the pressure drop up to 58 
per cent., when any decrease in pressure, even 
below atmospheric pressure, will not increase 
the steam flow. 

Diameter of Discharge Pipe 

For satisfactory operation it is essential that 
the pipe from the reducing valve to the process apparatus should be of sufficient 
capacity to accommodate the increase in steam volume due to the reduction 
in pressure. At 20 lb. per square inch the volume of 1 lb. of saturated steam is 
12 cub. ft., and to deliver 3,000 lb. of steam per hour at a velocity ot 4,500 
ft. per minute the diameter of the pipe would require to be : 

3000 X 12 X 144 \ ^ . 

0-7854 >: 60 x 4,50oj “ 

The Foster Reducing Valve 

The Foster reducing valve, manufactured by Sir W. H. Bailey & Co., 
Manchester, is illustrated in Figs. 2 and 3. Fig. 2 is constructed of gunmetal 
with threaded inlet and outlet, and Fig. 3 of cast iron with flanged connections. 

Operation of Valve 

Pressure enters at(y4) and passes through main valve to outlet (B). Main valve 
(1) is controlled by auxiliary valve (5), which is opened by adjusting spring (10) 
and closed by reduced pressure acting on diaphragm (6). Auxiliary valve is 
held open by the adjustment spring (10). When supply pressure is ad- 
mitted to the valve, it passes up through port (C) on inlet side of 
valve to auxiliary valve chamber (P); thence to top of operating piston (2). 
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The Self-contained Relay Valve 

This type is particularly useful when it is necessary to make large reductions 
from full boiler pressure for heating and process work. The balance chamber 
must be connected by means of a pipe to a point some 6 ft. or more on the low- 
pressure side of the reducing valve so that the diaphragm may be influenced 
by a steady, reduced pressure. 

The Full Area Balanced Valve 

The full area balanced valve controlled by an external relay regulator has 
all the control mechanism free from contact with high-pressure steam, and 
therefore is not affected by high temperature. This class of valve is adopted for 
the highest pressures and the most exacting type of work. 

Selecting a Valve 

When a reducing valve is fitted, it is usually expected to function for many 
years, and, as with all other steam appliances, it is advisable to obtain such 
valves from firms specialising in boiler accessories. It is false economy to select 
a particular class of valve simply on account of its cheapness, and it is most 
important that the makers should be supplied with all the available data. 


Valve Size 


The quantity of steam that will pass through a reducing valve will depend 
upon the diameter and length of the high-pressure steam-supply pipe, the type 
and area of the reducing valve, and the differential pressure. If the inlet pipe is 
of sufficient diameter to carry the required volume of steam, but the valve 
too large, it will operate close to its seating with wire-drawing, vibration, and 
chatter, while if the valve is too small, the steam pressure on the reduction side 
of the valve will be irregular and difficult to control. 

The diameter of the high-pressure steam inlet to a reducing valve is depend- 
ent upon the weight and volume of steam to be delivered per hour, the length 
of the pipe, and the general lay-out of the piping. With steam pipes below 3 in. 
in diameter and saturated steam, it is usual to base calculations upon a velocity 
of about 4,500 ft. per minute. If the steam pressure is 100 lb. per square inch 
and the weight of steam 3,000 lb. per hour, then the sectional area of the pipe 
will be : 


3000 X 3-9 X 144 
60 X 4500 


— 6-2 sq. in. 


and the diameter '\/{ 6-2 0-7854) = 2-8 in., where 3-9 is the volume of 1 lb. 

of steam in cubic feet. 

A single-seated valve must lift one-quarter of its diameter to give an opening 
equal to its area and a double-seated valve half that amount. In either case 
such a lift is beyond the capacity of a diaphragm-operated valve, but in practice, 
when the reduced pressure is not less than 58 per cent, of the initial pressure. 
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• DESUPERHEATERS 

The comparative value of saturated and superheated steam for process work 
is a very debatable point. Theoretically, the latter should be of greater use and 
the more efficient, but the majority of steam users seem to agree that, taking all 
the factors into consideration, saturated steam is the more economical and 
gives the better results. It is probable that, except in a few special cases, super- 
heated steam up to about 60° F. will have little effect upon the results obtained 
and that more than about 100° F. of superheat is undesirable for process work. 
For some classes of work, for example vulcanising, superheated steam has a 
definite advantage. 

A large number of processes demand steam, not only at a low pressure, but 
also within fairly close temperature limits, ^nd when high-temperature super- 
heated steam is obtained by bleeding engines, it is often necessary to reduce 
its temperature to within the desired limits. For this purpose desuperheaters 
are used, either in conjunction with reducing valves with pressure reduction, 
or as a self-contained temperature-reducing unit. 

Desuperheaters are frequently fitted in modern steam generating plants in 
order to control the temperature of superheated steam within the limits of plus 
or minus 10° F. 

Construction 

Desuperheaters consist of mild-steel or cast-iron cylindrical vessels or 
manifolds containing baffles or compartments that ensure the efficient spraying 
of the steam and are provided with suitable inlet and outlet connections and 
tappings for the various 
fittings. Spray water at a 
pressure sufficient to pro- 
duce satisfactory atomisa- 
tion and overcome the 
internal pressure enters the 
vessel through one or more 
spraying nozzle^. Hand 
control of the sprays or 
automatic operation by 
means of a thermostat, or 
a combination of boJ;h, may 
be adopted. A receiver type 
of desuperheater is shown 
in Fig. 4. This is con- 
structed by Messrs. Hop- 
kinsons, Ltd., Huddersfield. 

A sectional view is given 
in Fig. 5. 

This type of desuper- Fio. 4.— Receiver type of desuperheater 
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Fig. S.—Sectional view of the Hopkinson 


heater combines steam 
receiver, separator, and 
desuperheater chamber in 
one unit, and when used 
with a thermostatic water 
control and a reducing 
valve, as shown in Fig. 4, 
makes a simple and com- 
pact unit. An electrical 
regulator can also be used 
for the water and steam 
control if preferred. A 
special feature of the 
design is that the walls 
and outlet of the de- 
superheater are steam 
jacketed by superheated 
steam and thus kept at a 
high temperature. This 
materially reduces the 
drainage of any water 
impinging on the walls, 
and a further improve- 
ment is that any water 
draining from the walls 
has to pass through the 
incoming superheated 
steam and will be picked 
up and redistributed into 
the steam flow. 

Another type of super- 
heater consists of a steel 
vessel in which there is a 
series of multiple loop 


DESUPERHEATER 


Steel tube elements 


1. Manifold casting; 2. Outer casing; 3. Inner casing 
heated by superheated steam; 4. Deflection plate; 5. 
Baffle plate allowing excess water to drain to sump 6; 
6. Water sump; 7. Packing for baffle plate; 8. Spring 
tension for packing; 9. Feet supporting baffle plate; 
10. WJater gauge connections; 11. Drain connection; 
12. Water spraying nozzles; 13. Water supply to nozzles, 
supply controlled by thermostat; 14. Drainage edge, 
water drips into incoming steam; 15. Lagging shield 
when required; 16. Lugs for supporting desuperheater. 


through which a certain 
proportion of steam, 
heated in the primary 
superheater, is passed. 
These tubes are sub- 
merged in water at the 
same level as the water 
in the boiler ; a connecting 


pipe is led from the steam drum to a point near the base of the desuperheater, 
whilst a balance pipe also joins the top of the desuperheater and the top of the 
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Fig. 6. — Chart showing control o' tlmferaturl by superheater 


steam drum, through which steam generated in the desuperheater is returned to the 
boiler, A steam pipe is arranged to by-pass the desuperheater, and butterfly 
valves control the amount of steam leaving the primary superheater, which 
must be cooled in the desuperheater before entering the secondary superheater 
and mixing with the bulk of the steam, in order to maintain the required 
temperature at the stop valve. The operation of these valves is effected by 
electric motor through gearboxes and links, and is controlled by a thermostat 
placed in the steam main leaving the boiler. 

Superheating Effect of Reducing Valves 

When dry saturated steam is reduced in pressure Dy passing through a 
reducing valve, k becomes superheated. If steam at 100 lb. gauge pressure is 
reduced to 20 Ib., its temperature is increased : 

(1^194 _ 1,169) -F 0-56 = 44° F. 

where 1,194 B.Th.U.s is the total heat of steam at 100 lb. from 32° F., 1,169 
B.Th.U.s the total’heat at 20 lb., and 0-56 the specific heat of steam. 

Superheat • 

The total heat of saturated steam to which superheating has been applied 
is increased by an amount equal to the degree of superheat multiplied by the 
specific heat. The total heat of superheated steam can be obtained from a 
Mollier diagram or from steam tables. When the temperature of saturated 
steam at 105 lb. gauge pressure and 341° F. is increased by 150° to 491° F., the 
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total heat becomes 1,269 B.Th.U.s, an increase of 1,269 — 1,?90 ^ 79 B.Th.U.s. 
To desuperheat such steam it would be necessary to extract 79 B.Th.U.s per lb. 

Water for Desuperheating 

Assuming that 1 lb. of steam at 205 lb. gauge pressure superheated 150° F. 
is reduced in pressure to 20 Ib. and desuperheated by means of a water spray 
at 60° F., all the water being converted into steam. Then the total heat of steam 
per pound entering the desuperheater would be 1,285 B.Th.U.s, and the total 
heat of the steam leaving the desuperheater 1,169 B.Th.U.s. Therefore, 1,285 — 
1,169 = 116 B.Th.U.s must be extracted from the steam and transmitted to the 
water. If 1,000 lb. of steam per minute enters the desuperheater, it follows that 
116,000 B.Th.U.s must be taken up by the water. 

To convert 1 lb. of water at 60° F. into steam at 20 lb. gauge pressure 
requires 1,169 — (60 — 32) = 1,141 B.Th.U.s. Therefore, 101 lb. (i.e. 116,000 
1,141) of water will be required, and the weight of steam at the reduced pressure 
will be increased to approximately 1,101 lb. 

Automatic Temperature Control 

It is difficult to obtain a constant temperature with highly superheated 
steam when the load is fluctuating widely, and for this reason the desuper- 
heater is Used for the purpose of maintaining a fixed temperature, thus enabling 
a higher temperature to be used with safety at turbine or engine stop valves. 
The record shown in Fig. 6 indicates the very close control of temperature that 
can be secured by desuperheating in conjunction with electrical or thermostatic 
control of the water supply. 

Method of Water Supply 

When cold water is sprayed into the desuperheater at a pressure below 
about 150 lb. per square inch injectors can be used, but a feed pump is more 
satisfactory and reliable, particularly when the spray water is hot. 



STEAM INJECTORS, EJECTORS, 
AND WATER HEATERS 

T he modern injector is a most reliable and compact apparatus of reason- 
able efficiency, and, compared with a pump, the first cost is low, and 
repairs or renewals are more readily^and cheaply carried out. Injectors 
are largely used for feeding water into locomotive, portable, and all types ol' 
stationary boilers, but also for lifting, washing, and spraying. The steam con- 
sumption of an injector is greater than that of a boiler feed pump of correspond- 
ing capacity, but the amount of steam used by a pump is much greater than is 
generally realised, particularly after the pump has been in use for a long period. 
1 he injector, however, raises the temperature of the feed water and acts as a 
teed heater, and it is undoubtedly better to use an injector and feed hot water 
into a boiler than use a feed pump and supply cold water. 

The action of an injector in use is due to the momentum imparled to the 
water by a jet of steam moving at high velocity. All injectors have three principal 
parts, consisting of a steam cone into which steam at boiler pressure is directed, 
a combining cone into which the water flows and, meeting with the steam, 
produces a partial vacuum with a loss of pressure, and a dehvery cone where the 
kinetic energy of the combined water and steam has sufficient piessurc to force 
the stream of water and condensate into the boiler. An escape or overflow allows 
the injector to start into action by providing an outlet through which steam and 
water may escape. 

Capacity of Ipjectors 

The quantity (if water a live steam injector will discharge is dependent upon 
the pressure and velocity of the steam in the steam cone or nozzle and upon the 
temperature of the water and the length of suction pipe. The elementary 
principle is that steam passing through a nozzle is condensed and a partial 
vacuum created. Tbp mixture of steam and water is then forced with increasing 
velocity into a convergent nozzle and from thence through a divergent nozzle, 
where it loses velocity and gains pressure. 

To find the dianoteter of the throat of the dehvery cone let d — diameter in 
millimetres, V = volume of water in gallons per hour, and p = pressure in lb. 
per square inch steam pressure, then 
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Fig. 1.— a onf.-movement injector for 
PRESSURES UP TO 250 LB. PER SQUARE 
INCH 

(A) Operating and regulating lever. 

(B) Pointer and pressure index for 

working position. 

(C) Lubricating hole for spindle. 
(C'CO Lubricating holes in spindle. 
(DD') Overflows. 

(E) Steam nozzle. 

(F) Steam spindle. 

(G) Steam-nozzle packing. 

(N) Lifting tube. 

(K) Combining nozzle. 

(L) Delivery nozzle and outlet to 

boiler. 

(M) Overflow valve. 

(/V) Overflow cap. 

(O) Overflow outlet. 

(P) Injector body, top. 

(/?) Injector body, bottom. 

Steam inlet. 

(W^) Water inlet. 


The ratio of water to steam can 


Example . — Let /? • = 100 lb. steam 
pressure and V ^ 500 gallons per hour, 
then 

Volume of Discharge 

The volume in gallons an injector will 
lift with a suction not exceeding 3 ft. and 
a temperature not exceeding 60° F. is 
equal to where J — diameter 

of nozzle and p = steam pressure. 

Example . — Diameter of nozzle 5 mm., 
steam pressure 100 lb. Then 1-985 X 5^ 
X \/l00 = 495 gallons. 

The quantity of water lifted is 
approximately 3 per cent, less for each 
foot of suction lift above 3 ft. and 
decreases from about 5 per cent, when 
the water temperature is 85° F. to about 
25 per cent, at a temperature of 135°; 
with higher temperatures the discharge 
may be reduced as much as 50 per cent. 
A combination of high lift and high 
temperature should be avoided. 


Steam Consumption of Injectors 

The weight of steam used in working 
an injector will depend upon its pressure 
and dryness fraction, and the volume of 
water discharged will vary from about 
1 to 1-8 gallons per lb. of steam, accord- 
ing to the suction height and the tem- 
perature of the. water lifted. If 1 lb. of 
steam at 80 lb. pressure lifts 15 lb. of 
water at 60° F., the temperature of the 
mixture will be 15 x (60 — 32) 1,190 

-F 16 = 100° above 32° or 132° F. 
e found approximately by 



H-t2 
h ~~ h 
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where R = ratio 0 / water to steam ; 

H — total heat of steam ; 

= initial water temperature ; 

/g = final water temperature. 

Thus, ifH= 1,190 B.Th.U.s, = 132° F., and t, - 60° F., then 
^132 60^ ^ ^ steam. 

Types of Injectors 

A standard type of one-movement injector suitable for pressures of from 
25 Ib. to 250 lb. per square inch is shown in Fig. 1, with the various components 
indicated. The injector is manufactured b); Messrs. Holden & Brooke, Man- 
chester, in twelve sizes. 

The following figures give the lift and the lift temperatures for various 
pressures : 


Lift Table 


Steam pressure in lb. per 
square inch , . 25 

40 60 1 

' i 

80 

100 ; 120 140’ 160 180 200 225 

250 

Height of lift in feet . . 3 

. 15 18 

20 

20 20 : 20 i 20 20 20 ' 20 

20 


Lift and Pressure Table 


Steam pressure in lb. per | 
square inch . i 25 


50 


100 


I - , 

Lift in feet . . . . I 0 j 3 

Maximum temperature of inlet i 1 

water ""F. . . . 1 120 ' 115 

1 I 


0 1 

3 1 

6 ' 

10 

0 

3 

6 

10 

135 

130 

120 1 

110 

128 

123 

115 

1 105 

1 


Steam pressure in lb. per 
square inch 


Lift in feet 

Maximum temperature 
of inlet water ‘'F. ^ 


150 I 200 I 250 


'o 

3 

6 

10 

0 

3 

6 

10 

0 

3 

6 

10 

i 

112 

107 

100 

109 

i 

104 

100 

97 

83 


75 

70 


Fixing the Injector 

This type of injector will work in any position, provided the overflow valve 
is free to fall on to its seat. The two most usual positions are shown in Fig. 2. 
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Fig. 2.— Alternative methods of fixing injector for boiler feeding 


Tail Pipes , — In the case of injectors with union and not flanged connections, 
do not use pipe wrenches or dogs on the tail pipes, but screw up by means of the 
internal square. Do not use any jointing material or washers on the joint 
between the tail pipe and the union nut, but make a metal-to-metal joint. Red- 
lead paint may be used on th^ threads. ^ 

Pipes and Fa/ve^.— Where the injector is fixed below its water supply, the 
valves required are the water cock and the main steam valve and feed-check 
valve. All pipes must be of full area, and elbows, sharp bends, and T-pieces 
should be avoided. A reduction of area or a restriction at one point is as harmful 
as if the whole pipe was too small. Pipes can be oversize without detriment. 
Excessive red-lead or other jointing material is liable to clog pipes and nozzles. 

Steam Supply.— This should be taken from the highest point of the boiler 
to ensure dry steam. The pipe to the injector should be an independent one and 
supply no other apparatus. The pipe should be as short and straight as possible 
and superheated steam should not be used. 

Water Supply . — It is essential that the suction pipe is absolutely airtighj;, as 
the slightest air leakage will affect the working of the injector. A fairly fine-mesh 
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strainer of ample ^rea should be used. For high suction lifts a foot valve is 
advisable to facilitate starting. The inlet water should be as cold as possible, and 
the injector should be adjacent to the water supply. 

Overflow . — The overflow pipe must be free and unrestricted. It should be of 
full area, short and straight, to allow for the free escape of steam at starting. 
This pipe plays an important part in the working of the injector, as, apart from 
the “sing” which gives the best evidence of a correct working, the only method 
of being certain that it is working “dry” is by watching the end of the overflow 
pipe. A good method is to allow for a break in the pipe by fitting a tundish or 
funnel, the pipe from which, if it is a size larger than the overflow pipe, may be 
as long as required. By this means the overflow can be seen and at the same time 
the escaping steam and water can be carried away freely at starting. 

Before connecting up the injector the whole of the piping should be blown 
through to remove scale, red-lead, jointing, or dirt. Neglect of this precaution 
is a common cause of failure. 

Starting and Stopping . — See that the feed-check valve is open. If the water 
supply is from overhead, open the water cock. See that the main steam valve 
is open. The injector is then started and regulated by means of the lever, which, 
when turned slightly to the left, admits steam and starts the injector working. 
Further movement to the left admits full steam, and it is then only necessary to 
find the position at which the injector works “dry” at the overflow without 
wasting. To shut off, shut the injector steam valve by turning the operating lever 
as far as it will go to the right. If injector is below water-level, shut water cock. 

Pemberthy and White’s Injectors 

The Pemberthy Auto Injector is shown in Fig. 3. The details are quite clear : 
R is the steam jet ; S the suction jet ; Y the delivery jet, and P the overflow valve. 

The Auto-positive, Fig. 4 : X \s the steam jet ; G the suction jet ; H the 
delivery jet; L the pressure valve, and K the vacuum valve. 

White’s Automatic Injector is shown in Fig. 5 : B is the steam jet and C the 
combination cone. The above types of injecior are manufactured by Whites- 
Niinan, Ltd. 

Exhaust Steam Injectors 

These are simply low-pressure injectors capable of working with steam at 
atmospheric pressure. An exhaust steam injector is capable of dealing with 
about 8 lb. of wat&r per lb. of steam. Usually a supplementary steam jet at 
boiler pressure is provided. Cold feed water is essential if reliable and continuous 
operation is to be obtained. 

Injectors for Vertical Boilers 

Injectors for vertical boilers are frequently fitted as illustrated in Fig. 6. 
For pressure below 40 lb. per square inch they must be arranged non-Hfting. 
This type of injector is shown in section in Fig. 7. By removing the bottom cap. 
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Sh'jtjn 



Fig. 3.— The “Pemberthy” auto injector 


the delivery^ nozzle can be 
loosened with an ordinary spanner 
and taken out along with the 
jumper nozzle. This exposes the 
lifting tube, which needs a special 
tool for its removal. This injector 
is termed the “Premier'’ and is 
manufactured by Messrs. Holden 
& Brooke, Ltd. in five standard 
sizes for low, medium, and high 
pressures. The largest size is capa- 
ble of dealing with 2,300 gallons 
per hour. 

Ejectors and Water Lifters 

The water ejector is a simpli- 
fied injector and provides a 
reliable and economical method 
of raising small quantities of 
water from underground storage 
to overhead tanks. The “Pem- 
berthy” ejector is shown in Fig. 8, 
in which is the steam jet and Y 
the delivery jet. If the total lift is 
only small, the ejector can be 
fixed for lifting only as 



shown on the right-hand 
side of Fig. 9. Otherwise it 
should be fixed a few feet 
above the water level so as 
to force the water up the 
discharge pipe. 

Injector Dilficulties 

If, when steam is turned 
on, the injector will not lift 
water, it may be due to { 

(a) M is not getting its 
full supply of steam. 

(b) Leakage of steam has 
made the water pipe hot, 
which prevents the injector 
from lifting. 

(c) The inlet water is too 


hot. 


Fig. 4.— The auto-positive injector 
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{d) Steam nozzje or 
lifting tube blocked or 
choked with sediment. 
(See note (c) below.) 

(e) Air leakage in 
water cock or water pipe. 

(/) End of water 
pipe or strainer clogged 
or not covered by water 
in feed-water tank. 

If injector gets 
water, but forces it 
through the overflow, 
the trouble may be: 

(a) Defective steam 
supply. 

(/;) Inlet water too 
hot. 



WATER. 


Fig. 5.— White’s automatic injector 


(c) Combining or delivery 
cones choked. (To remove sedi- 
ment, wash out with a solution 
of one part muriatic acid and 
ten parts water.) 

(d) Boiler-feed valve sticking. 

CALORIFIERS 

The term “calorifier” is ap- 
plied to all types of tubular 
water-heating apparatus in which 
the heating medium, usually 
steam, but occasionally hot 
water, is admitted to a series of 
tubes and transmits heat to water 
surrounding the tubes. Two 
different types are manufactured, 
one term^ the storage and the 
other non-storage’, the main 
difference being in the size of 
the shell and holding capacity. 
Long experience has determined 
the most suitable design of this 
apparatus, and manufacturers 
have largely standardised the 
constructional details. 



Fio. 6. — Injector feedino a vertical boiler 
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Fig. 3.— The “Pemberthy” auto injector 


the delivery^ nozzle can be 
loosened with an ordinary spanner 
and taken out along with the 
jumper nozzle. This exposes the 
lifting tube, which needs a special 
tool for its removal. This injector 
is termed the “Premier'’ and is 
manufactured by Messrs. Holden 
& Brooke, Ltd. in five standard 
sizes for low, medium, and high 
pressures. The largest size is capa- 
ble of dealing with 2,300 gallons 
per hour. 

Ejectors and Water Lifters 

The water ejector is a simpli- 
fied injector and provides a 
reliable and economical method 
of raising small quantities of 
water from underground storage 
to overhead tanks. The “Pem- 
berthy” ejector is shown in Fig. 8, 
in which is the steam jet and Y 
the delivery jet. If the total lift is 
only small, the ejector can be 
fixed for lifting only as 



shown on the right-hand 
side of Fig. 9. Otherwise it 
should be fixed a few feet 
above the water level so as 
to force the water up the 
discharge pipe. 

Injector Dilficulties 

If, when steam is turned 
on, the injector will not lift 
water, it may be due to { 

(a) M is not getting its 
full supply of steam. 

(b) Leakage of steam has 
made the water pipe hot, 
which prevents the injector 
from lifting. 

(c) The inlet water is too 


hot. 


Fig. 4.— The auto-positive injector 
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body and steam che^t are tested hy- 
draulically to twice working pres- 
sure. Eighteen standard sizes are 
constructed; the smallest when 
supplied with steam at 50 lb. pres- 
sure will transmit 340,000 B.Th.U.s 
per hour and the largest 9J million 
B.Th.U.s when used as heating 
calorifiers. They can, of course, be 
used as hot-water calorifiers. This 
type is also manufactured with 
the body horizontal. 

Heat Transmission 

The rate of heat transmission 
in a calorifier is mainly dependent 
upon the temperature of the steam 
used for heating the water and the 
mean temperature of the water. 
It is usually assumed that 146 
B.Th.U.s will be transmitted per 
square foot of heating or tube 
surface for each degree of mean 
temperature difference between 
the heating medium and the water. 
The formula used to find the heat- 
ing surface in square feet is 



Fig. 9.— Arrangement for uftinc and 

FORCING 


L X (/2 - h) 



X C 


— heating surface 


where ^ water Inlet temperature, 
tg “ water outlet temperature. 

T ^ temperature of heating medium. 

C == a constant 146 for steam, 73 for hot water. 

L ~ water to be Jieated in lb. per hour. 

Example . — It is required to heat 1,000 gallons of water from 60*^ to 180° F. 
per hour by means t)f steam at 50 lb. gauge pressure. Taking 10 lb. as the 
weight of 1 gallon of water and 298° as the temperature of the steam, then 
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Fig. 10 .— The storage type of calorifier 


WATER HEATERS 

Hot water is required 
for many purposes, and 
is obtained very cheaply 
when low-pressure or 
waste steam can be 
obtained from engines, 
pumps, or other plant. 
Feed-water heaters are 
usually a necessity in most 
steam-raising plants, be- 
cause large volumes of 
cold water entering a 
boiler tend to cool plates 
rapidly and set up un- 


equal contraction and at 
the same time reduce the steam pressure, while hot water 
produces a better circulation and a more uniform 



temperature. 

Two distinct types of water heaters arc in use: 

(1) the closed or surface heater, in which the water to 
be heated is pumped through a series of tubes and the 
steam is admitted to a space surrounding the tubes ; and 

(2) the direct-contact heater, in which steam is brought 
into direct contact with the water and condensed. 

Steam for Water Heating 

When steam enters a closed heater it gives up its 
latent heat at the entering pressure. The weight of steam 
to raise the temperature of a given quantity of water 
will be seen from the following example. Find the 
weight of steam at 5 lb. per square inch gauge pressure 
to railse the temperature of 1,000 gaKons of water per 
hour from 60° to 180° F. The latent heat of steam at 
5 lb. is 963 B.Th.U.s, and the heat required is (180 — 60) 
X 10,000 = 1,200,000 B.Th.U.s approx. Then l,20p,000 
^ 963 == 1,246 lb. per hour. 

Saving due to Feed Heating 

The increase in boiler efiSciency obtained by heating 
feed water with steam that otherwise would be wasted 
can be deduced from the formula 


Fig. 11 . — The non- 
storage TYPE OF 
calorifier 


(T-t)lOO 
H 32) 


increase per cent. 




™ 7-6 per cent. 


X 100 ^ 10-2 per cent. 
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where t = temperature of water entering heater. 

T ^ temperature of water leaving heater. 

H = total heat of steam at boiler pressure. 

The original efficiency will then be increased 
by the percentage obtained. 

Example —Inlti temperature 60° ; outlet 
temperature 180°; steam pressure 150 lb. 

(gauge); boiler efficiency 60 per cent, with feed 
at 60°. Let 1,201 total heat of steam. Then 

(180 - 60) X 100 X 75 

1201 - (60 - 32) X 100 

By increasing the efficiency from 60 per cent, 
to 67*5 per cent., the saving in fuel consump- 
tion would be 

67-6 - 60 
67-6 

The Closed or Surface Heater 

The closed or surface heater usually consists 
of a cast-iron cylindrical vessel containing a 
series of tubes of copper or brass expanded into 
tube plates or headers. The heater may be of 
vertical or horizontal design, and is installed 
with the water inlet connected to the discharge 
side of the boiler-feed pump. 

A vertical type of heater is shown diagram- 
matical ly in Fig. 12. This represents a “Pearn 
Rapid” heater as manufactured by Messrs. 

Frank Pearn & Co., Manchester, and consists of 
a steam body of cast iron for saturated steam of 

low pressure and steel for high pressures and superheater steam. The tubes can 
be of copper, br^ss, or other material, and are expanded into a water box at 
one end and a floating head at the other. It will be seen that the water box, 
steam body, and floating head covers are removable without disconnecting 
either water or steam pipes. Twenty-four standard sizes are constructed, the 
smallest having a capacity of 2(X) gallons per hour and the largest 19,500 gallons. 
When these heaters are open to atmosphere and fed with low-pressure steam, 
the water can be raised to approximately 212° F. With greater steam pressures 
and a closed heater,* higher water temperatures can be obtained. 

The general arrangement of a closed heater using the exhaust steam 
from a horizontal steam-engine is shown in Fig. 13. It will be seen that the 
feed pump delivers cold water to the heater and forces it through the tubes 
and into the boiler. A vent pipe open to atmosphere prevents excessive back 
pressure. 



Fig. 12 —The closed or surface 

HEATFR 




Fig. 13 .— Arrangement of a clcxsed or surface heater taking exhaust sieam from a 

HORIZONTAL ENGINE 


Direct-contact Heating 

Direct-feed heating has the important advantage of liberating a large pro- 
portion of the air present in feed water and thus reducing the possibility of 
corrosion occurring in the boiler. Oil and grease, however, are quite as danger- 
ous as air, and when the exhaust steam contains oil in any quantity it is un- 
suitable for feed heating, and an efficient oil separator should be used. 

The weight of steam that must be used in a direct-contact heater in order to 
raise the temperature of a given quantity of water will be seen from the following 
example. It is necessary to increase the temperature of 100 gallons of water per 
hour from 60° to 200° F., using dry steam at 10 lb. per square inch by gauge. 
Taking 239 B.Th.U.s as the sensible heat of steam from 0° F. and 954 B.Th.U.s 

as the latent heat, then 95^^^^^9~1^200) weight of the 

water and condensate will be' 1,000 + 140 = 1,140 lb. If the dryness fraction of 
the steam is 0-9, then 10 x 140 -F 0-9 = 155 lb. of steam will be required. 


The Weir Direct-contact Feed-water Heater and De-aerator 

A sectional view of the well-known “WeiF’ heater manufactured by Messrs. 
G. & T Weir, of Glasgow, is shown in Fig. 14. The heating steam is taken from 
the low-pressure receiver of main engines, and the exhaust of auxiliary engines, 
such as feed pumps, electric light, and fan engines can be led into the heater 
through the non-return valve (B) on the side of the apparatus. A perforated 
cylindrical waist piece forming an annular steam space round the heater, and 
surmounted by a spray piece, also perforated, is fitted to ensure the unjform 
mixing of the steam, and water. The boiler-feed pump delivers the feed water 
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into the heater 
through the spring- 
loaded valve (i)) on 
the cover. The water 
is forced through this 
valve in a thin sheet, 
and is instantly 
heated by contact with 
the steam. The water 
is further broken up 
by passing through 
the spray piece, 
thereby bringing the 
greatest possible sur- 
face into contact with 
the steam. 

As the pressure in 
the heater is generally 
much less than that of 
the entering water, the 
elfect of this lowering 
of the pressure, and 
the sudden heating of 
the water, is to liber- 
ate the air in the 
water. This is removed 
to the condenser, or 
to the atmosphere, 
by way of the cock 
(K) on the air vessel 
placed on the top of 
the heater. The feed 



Fig. 1 4.— The “Weir” direct-contact heater and de-aerator 


water is thus rendered 

to a large extent non-corrosive, and falls to the bottom of the heater at the 
boiling temperature corresponding to the pressure. 

The combination of the automatic regulating gear with the heater has long 
been a special feature of the Weir apparatus. The float {E) shown in the lower 
part of the heater is a i^an with water-tight bottom and sides, but open on the 
top. It is suspended on the two levers, so as to move up and down with a parallel 
motion ; the bottom lever spindle is carried through the door at one end, and is 
balanced by a lever and weight. The float is always full of water, and the weight 
is adjusted to balance when one-half is immersed in water. The weight lever is 


connected by a rod to another lever, which actuates the regulating valve (F) 
and controls the supply of steam to the pump drawing from the heater. When 
the water in the heater rises the float is raised and the regulating valve opened, 
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and when fhe water-level is 
lowered, the float follows and 
the valve is closed. The speed of 
the pump is thus regulated by the 
quantity of water passing through 
the heater. 

A relief valve and two pres- 
sure gauges are fitted to the 
Fig. 15.— The “Tricone” heater cover of the heater. The com- 

pound gauge shows the pressure 
in the heater, while the other gauge shows the pressure of the ingoing water; 
the latter pressure should be from 15 lb. to 25 lb. and should be regulated by the 
spring-loaded inlet valve. 

Water Heating with Live Steam 

Ejector heaters provide a ready and convenient method of heating liquids 
by steam up to boiling-point if desired and of keeping the heated liquid in 




Fig. 16.— Arrangement of heater immersed in tank 


constaht circulation. They are largely used in dyeing tanks, brewing vats, and 
other similar installations. 

The characteristic feature of the “Trioone” heater shown in Fig. 15 and 
manufactured by Messrs. Holden & Brooke, Ltd., is silence and absence of the 
vibration usually experienced with the ordinary form of jet or nozzle heating 
apparatus. 
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The illustraJ:ion 
shows the principle on 
which quiet operation 
is accomplished ; with a 
single nozzle, noise will 
accompany the sudden 
disruptive action caused 
by a single cone of steam 
impinging on the water. 
In this heater steam is 
introduced in two thin 
layers and one fine jet. 
The nozzles are arranged 
concentrically ; the outer 
a nd intermediate nozzles 
each pass a thin annulus 
of steam, while the 
centre one, being of rela- 
tive small bore, passes a 
fine circular jet. Each 
nozzle projects farther 
from the centre than the 
one adjacent to it; thus 
the steam is condensed 
at three different points 
by the water sucked 
into the casing through 
the water ports which 
are located relative to 
the nozzles so as to 
take full advantage of 
liie suction created by 
the jet. , 

The heater is made 


Fig. 17. — Apparatus for obtaining hot tap water 


in two styles: (a) immersion type for fixing in a tank or other vessel; and 
(b) a flanged type suitable for fixing in a pipeline. The former type is perfectly 
silent. The tank or container should be not less than three times the length 
of the heater for pressures up to 30 lb. per square inch, and not less than 
five times for higher pressures. The heater should be fixed as near to the 
bottom of the tank •as possible, but to ensure satisfactory results should not 
be submerged to a greater depth in feet than the pounds per square inch steam 
pressure supplied to the heater. Successful installation depends upon reasonable 
rigidity both of the tank and of the fixing of the heater. The arrangement is 
shown in Fig. 16. 
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Hot Tap Water 

Hot water for industrial washrooms and similar purposes can be very 
conveniently obtained by means of the “Baby” water heater shown in Fig. 17. 
This is a most compact apparatus and operates in silence without escape of 
steam. A safety guard prevents steam being turned on before the water and so 
prevents the possibility of scalding. The apparatus is supplied by the Cox 
Engineering Co., Ltd., and is reliable and easily fitted. 

Another pattern of this heater, known as the “Junior Cox,” is illustrated in 
Fig. 18. This is designed for use in the textile and beverage industries, dairies, 
distilleries, tanneries, chemical industries, etc., where hot water is used for 
process work and is instantaneously provided at the machine without storage. 

It will be seen from Fig. 18 that the heat exchange chamber is fitted with 
porcelain balls or grids. This arrafigement enables an instantaneous supply o 
water to be obtained without pulsations, spluttering, or escape of steam. 


Steam required for Heating 

The heating effect of the steam may, for practical purposes, be 
computed on the following basis: 1 lb, of steam will raise the 
temperature of 100 gallons of water by 1° F. To find the weight 
of steam, divide the gallons to be heated by 100 and multiply by 
the temperature rise. 

Example.— Find the weight of steam 
to heat 2,500 gallons of water from 60° 
to 180° F. Then (2,500 100) x (180 - 

60) - 3,000 lb. 


Water Mixtures 

To find the temperature of 30 lb. of 
water at 60° F. mixed with 50 lb. of water 
at 160° F. Then 



Fig. 18.— “Junior Cox” 

WATER HEATER 
(Cox Engineering 
Co. Ltd) 


HOT WATER 


30 lb. of water contains 30 X (60 — 32) = 840 B.Th.U.s. 

50 lb. of water contains 50 x (160 — 32) = 6,400 B.Th.U.s.' 

80 lb. of mixture contains 840 + 6,400 == 7,200 B.Th.U.s above 32° F. ; 
therefore 7,200 80 = 90*5 + 32 - 122'5° F. 


WATER DATA 


One gallon of water at 62° F. — 10*0 lb. 

One gallon of water at 62° F. == 0*16 cub. ft. 

One gallon of water at 62° F. == 277*27 cub. in. 

One cubic foot of water at 62° F. = 62*35 lb. 

One cubic foot of water at 62° F. == 6*23 gallons. 

One ton of water at 62° F. = 35*9 cub. ft. 

One ton of water at 62° F. — 224*0 gallons. 




STEAM INJECTORS, EJECTORS, WATER HEATERS 279 


CAPACITY OF TANKS 
Rectangular Tanks 


Size. 

Gallons per Inch 
Depth, 

Size. 

Gallons per Inch 
\ Depth. 

3 ft. X 2 ft. 

3-12 

6 ft. X 3 ft. ’ 

1 9-36 

3 ft. X 3 ft. 

4-68 ’ 

6 ft. X 4 ft. 

12-48 

4 ft. X 2 ft. 

1 416 

1 6 ft. X 5 ft. 

! 15-60 

4 ft. X 3 ft. 

1 6-24 

i 6 ft. X 6 ft. 

i 18-72 

4 ft. X 4 ft. 

! 8*32 

! 7 ft. X 4 ft. 

1 14-56 

5 ft. X 3 ft. 

! 7-80 

7 ft. X 6 ft. 

i 21-84 

5 ft. 4 ft. 

i 10-40 

8 ft. X 4 ft. 

i 16-64 

.S ft. X 5 ft. 

i 13-00 

8 ft. X 6 ft. 

24-96 


Circular Tanks 



Diameter. 

Gallons per Inch 
Depth. 



1 ft. 

0-408 



2 ft. 

1-63 



3 ft. 

3-67 



4 ft. 

6-53 



5 ft. 

10-21 



6 ft. 

14-69 



7 ft. 

20-00 



8 ft. 

22-52 



E. P. 



LIQUID FUELS AND 
LIQUID-FUEL FIRING 

F ew engineers with practical experience of oil-fuel burning would burn 
solid fuels in preference to oil. The advantages of oil compared with 
solid fuels are many, and if oil fuels were as plentiful and could be 
obtained at a price equivalent to that of coal, little of the latter would be used 
for steam-raising purposes. 

The advantages of liquid fuels are due to the increased efilciency owing to 
clean heating surfaces and superior combustion; convenience in handling, 
storing, and feeding furnaces; absence of ash, dust, and clinker; better control 
of firing conditions ; reduction in staff, and absence of smoke and grit. The 
disadvantages are due in some degree to the danger of storing large quantities 
of oil fuel, the occasional choking of sprayers, and the extra cost in some cases 
compared with solid fuels. 


Liquid Fuels 

Natural mineral oils in the crude state consist of hydrocarbon compounds 
with impurities such as sulphur, water, and earthy matter. Crude oil can be 
used as a fuel, but its flash point is generally low and its viscosity high, and it 
requires to be used with great care. Usually the valuable petrol, illuminating, 
and lubricating oils are removed by distillation, and the residual liquid is 
termed “liquid fuel.” 

In addition to petroleum residue, whale oil, coal-tar oil, creosote, and 
pitch can all be satisfactorily used for steam-raising purposes in land 
installations. 


Composition and Calorific Value of Liquid Fuels 


Fuel 

Sp. 

Gr. 

1 c i 

1 

1 

H 

0 

1 

! 

N - 

Qross Calorific 
Value ' 

B.Th.0.s 

Flash 
Point 
^ F. 

Borneo . 

, 0% 

I 86-7 

JO-6 

2-5 

0-03 

0-05 

18,800 

225 

Mexican 

0-95 

83-0 

11-2 

3-9 

i 3-7 

0-31 

18,300 

165 

Rumanian 

0-93 

1 87-0 

11-8 

0-7 

0-16 

0-15 

19,300 

240 

Admiralty Oil fuel 

0-928 

86-4 

11-5 

1-7 I 

' 0-34 

— 

17,900 

185 

Anglp-Persian . j 

0-902 

86-6 

12-4 

1-6 1 

i 1-3 

0-16 

19,000 

, 173 

Scotch Shale 

0-86 

1 86-4 

1 

12-8 

i 

1-21 ’ 

0-26 

i 

18,240 
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Flash Point 

The flash point is the temperature at which the oil, if heated, slowly gives 
off sufficient inflammable vapour to ignite or flash with a blue flame on the 
application of a flame. The Pensky-Martens apparatus is largely used to 
determine the flash point, and consists of a jacketed vessel, the inner portion 
of which forms the oil chamber. A thermometer is suspended so that the bulb 
is covered with oil, and heat is obtained from a Bunsen burner in such a manner 
that the temperature rises T C. or 1-8° F. per minute. The flash point of 
liquid fuels varies from about 150° F. to 250° F. 

Viscosity 

Viscosity is a measure of fluidity or the resistance to relative motion. The 
coefficient of viscosity is usually termed simply the viscosity and is measured 
by means of a viscometer. The “Redwood” viscometer consists of an oil cup 
provided with an agate orifice or nozzle of standard dimensions. The cup is 
supported in an oil or water bath provided with a stirrer. The cup contains the 
oil to be tested to the height of a standard mark. The bath is heated by means of 
a Bunsen flame and a thermometer indicates the temperature of the oil. A 
graduated flask is placed underneath the oil cup, and the time in seconds for 
50 c.c. to flow into the flask gives a direct reading in “Redwood” seconds. 
Viscosity should not exceed 2,000 seconds for a flow of 50 c.c. at 30° F. 

The viscosity of oil fuels is important, because oils that do not flow freely 
may require to be heated in order to enable them to be transferred from storage 
to service tanks. 

Fire Point 

The fire point is the temperature at which the oil gives off sulficient inflam- 
mable vapour to continue burning. It is approximately 50° F. above flash point, 
but varies widely. 

Settling Point 

The temperature at which oil congeals and ceases to be fluid. This is usually 
below 30° F. ^ 

Specific Gravity 

Specific gravity (sp. gr.) is the ratio of the mass volume of oil to the mass of 
an equal volume of water at 60° F. The specific gravity of oil fuels varies from 
about 0-8 to TO, ahd can be determined by means of a specific gravity bottle 
or with an hydrometer. 

Calorific Value 

The calorific value of a fuel is usually expressed in terms of British Thermal 
Units (B.Th.U.) and is the number of B.Th.U.s generated by the complete 
combustion of 1 lb. of fuel when the products of combustion are cooled to 
60° F. A bomb calorimeter is invariably used for this test. Calorific values of 
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liquid fuels vary from about 18,500 to 19,500 B.Th.U.s per lb. and can be 
calculated approximately from the formula B.Th.U. per lb. gross = 18,650 4- 

5,000(7-5) ^ . .. 

, where S is the specific gravity. 

Combustion of Oil 

The theoretical quantity of air for complete combustion can be found 
approximately from A = 0-347 H 4- 0-115 C, where A lb. of air, H == per- 
centage of hydrogen, and C = percentage of carbon. Example. — H — 12-4 
per cent.; C — 86 per cent. Then: 0-347 x 12-4 4- 0-115 x 86— 14-1 lb. of air. 

Excess Air 

As with all other fuels, an excess of air above the theoretical quantity is 
always necessary to ensure complete combustion. The maximum theoretical 
percentage of carbon dioxide (COg) in the products of combustion will depend 
upon the composition of the fuel, but for most practical purposes it can be said 
to average about 15-5 per cent, by volume. Thus, with 1 1 per cent. COg in the 

waste gases the excess air would be ^ ^ X 100 = 41 per cent. 

Oil-firing Systems 

Three systems are in general use for atomising and spraying liquid fuels 
into furnaces. These are the pressure jet, the steam jet, and the compressed-air 
jet system. The pressure system is probably the most economical method of 
spraying oil, but the steam system is lower in first cost, and where the oil con- 
sumption is comparatively small and the extra feed-water consumption of little 
consequence, the reduced first cost and the greater simplicity of the latter 
system may be a recommendation. 

The pressure system comprises a horizontal or vertical fuel pump which 
draws oil from a service tank through a filter and discharges it, at a pressure 
dependent upon the construction of the burner and the size of the burner 
orifice, through an oil heater, where the oil is raised in temperature to approxi- 
mately the flash point ; then through a discharge filter to the burner, where it is 
atomised and sprayed into the furnace. 

The steam-jet system is extremely simple, and consists of a burner using 
steam as the atoniising agent, together with an overhead service tank containing 
a steam coil for heating the oil and facilitating its flow, a strainer, and the 
necessary connections. The oil supply to the burner is by gravity from a height 
of 15 ft. or more, and the steam pressure varies from about 5 lb. to 30 lb. per 
square* inch. Approximately 4-5 per cent, of the total steam generated in a 
boiler is used by the burners in spraying oil. The question of extra steam and 
water consumption must therefore be taken into account. 

The air-pressure system is largely used for industrial processes in smelting 
and refinery works. Air is supplied to the burners by means of a blower or air 
compressor at pressures of from 6 in. to 20 in. water gauge, but more freqiiently 
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a pressure of from 5 lb. to 30 lb. is used. With an air burner operating at 5 lb. 
per square inch the consumption of free air would be about 25 cub. ft. per 
minute while burning 150 lb, of oil per hour. When using burners of the air- 
pressure type, the oil must be of low viscosity when it reaches the burner. 

Oil-fuel Installatioiis 

Oil-fuel installations using the pressure-jet system consist of a fuel pump, oil 
heater, filter, and the necessary burners, fittings, and piping, and are usually 
designed as a complete unit mounted upon a bedplate. Either two complete 
units are provided or a duplex plant is mounted upon a single bedplate. 

The details of the burners vary widely, but are mostly simple in construction. 
Typical examples are illustrated. 

Lighting-up Arrangements ** 

In the case of small installations working on the pressure system, it is 
possible to start up from cold either by using a light oil that will atomise 
without special heating apparatus or by means of a supply of waste, wood, or 
a torch to heat the oil as it passes through a steel U-tube before reaching the 
burner. When lighting up is frequent, and with large installations, a hand or 
power pump is used to force the oil, under pressure, through an oil heater 
provided with a paraffin-oil burner, where it is heated before reaching the 
burners in the boiler furnace. 

Working Conditions 

In the pressure system the oil pressure may vary from about 50 lb. to 150 lb. 
per square inch according to the size of the diaphragm and orifice plate in the 
burner, the quality of oil it is desired to burn, and the number of burners in 
use. The quantity of oil is regulated by the fuel pump, and is controlled as 
required by the rate of combustion, usually by adjusting the relief valve on the 
pump, any excess being released back to the suction side of the pump. When 
more than one burner is in use, the control valves to the burners are normally 
kept wide open in order that an equal pressure shall operate all burners. 

Oil Temperature 

All except the lightest grades of oil require preheating. The temperature 
necessary to render an oil sufficiently fluid for spraying depends upon the 
character and viscosity of the oil. Heavy oils with a specific gravity of 0*9 or 
more may require a temperature as high as 200° F., but in no case should it 
exceed the flash poiAt. Light oils such as shale will atomise at a temperature as 
low as 80° F. Excessive temperature may, and often does, cause pulsation. 

Filters 

Both suction and discharge filters should be periodically cleaned. These are 
either self-cleaning or in duplicate, so that one can be cleaned while the other 
is in use. Any material difference in the observed pressures shown by the gauges 
on the inlet and outlet sides of the filters will indicate the necessity for cleaning. 
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Fio. I. — Arrangement of Wallsend-Howden pumping and heating unit 


Air Distributors 

Experience shows that the most successful way to admit air to a furnace 
when mechanical burners are used is to supply it all through an opening 
surrounding the atomiser. Poor combustion and smoke usually follow any 
attempt to supply air otherwise. Air distributors, directors, registers, or doors 
should be regulated to attain to the normal percentage of carbon dioxide, or 
until a light smdke is visible at the chimney outlet. Insufficient air will cause 
black smoke and the deposit of carbon in the furnaces. ’ 

Precautions 

Heavy fuel oils are non-explosive, difficult to ignite, and incapable of 
spontaneous combustion. The vapour when mixed with air, however, is 
explosive, and it is always possible that a partly filled tank may contain an 
explosive mixture. Ignition may be caused by an open light, an electric or other 
spark, smoking, and an electrical short-circuit. Oil fires cannot be extinguished 


LIQUID FUELS AND LIQUID-FUEL FIRING 285 

by water or steam, ^nd chemical extinguishers or sand should be used for this 
purpose. 

The principal cause of accidents is the opening up of parts of an oil 
system or the removal of oil burners without first properly shutting down the 
oil supply. 


GENERAL DESCRIPTION OF OIL-FUEL SYSTEMS AND BURNERS 
The Wallsend-Howden Pressure System 

In addition to storage and service tanks of heating, storing, and providing 
oil for ready use, this installation consists of a pumping and heating unit shown 
in Fig. 1. The oil is drawn from a service tank through a strainer by means of a 
Weir oil-fuel pump F8 and discharged to heater FIO, where its temperature is 
raised to reduce the viscosity sufficient to enable a fine spray to be obtained at 
the oil-fuel burner. After leaving the heater the oil is forced through a discharge 
strainer FI 7, in which the oil is finely strained. 

The fittings and their accessories are generally mounted on an oiltight tray 
to form the complete unit. These units have the advantage of being complete 
and compact, but with all parts readily accessible, and being erected thus at 
the maker’s works, the amount of work to be done on site and therefore the 
costs of installation are reduced to a minimum. 

Two units, each capable of dealing with the oil required at full power, are 
usually installed, so that one provides a stand-by in case the working unit 
requires cleaning or overhaul. The various fittings and pipes are given in the 
following lists : 

List of Fittings 
No. Description 

F 5 Valve, Pump Suction 

F 6 Tail Coupling for Press and Vacuum Gauge Pipe 
F 7 Compound Pressure and Vacuum Gauge 
F 8 Weir’s Simplex Oil-fuel Pump 
F 9 Valve, Heater Inlet 
« F 10 Oil-fuel Heater 

F 1 1 Cock, Drain from Heater (Steaming Out) 

F 12 Cock, Steam to Heater (Steaming Out) 

F 1 3 Valve, Heater Outlet 

F 14 Valve, Heater Escape 

F 1 5 Thermontfeter Pot 

F 16 Thermometer 

F 17 Auto-Klean Discharge Strainer 

F 18 Tail Couplings for Pressure-gauge Pipes 

F 19 Cock, Discharge Strainer Drain 

F 21 Non-return Valve, Discharge Strainer Drain 

F 22 Valve Box, Steam to Installation 

F 23 Valve, Exhaust from Pump 

E.W.P. iv.—lO 
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List of Fittings (continued) 

No. Description 

F 24 Gauge Glass and Guard on Water Collector 
F 25 Valve, Water Collector Drain to Drain Tank 
F 26 Cock, Water Collector Drain to Tray 
F 27 Strainer Inlet, Pressure Gauge and Cock 
F 28 Strainer Outlet, Pressure Gauge and Cock 
F 29 Non-return Valve, Heater Escape to Suction 
F 30 Installation Master Valve 
F 3 1 Stud Coupling Steam to Pump 
F 32 Control Valve, Steam to Pump 
F 33 Control Valve for Steaming Out Heater 


List of PiPts 

No. Description 

1 Oil Fuel Pump Suction 

2 Suction to Compound Gauge 

3 Oil-fuel Pump Discharge to Heater 

4 Heater Outlet to Discharge Strainer 

5 Discharge to Burners 

6 Discharge Strainer to Pressure Gauge 

8 Discharge Strainer Drains to Suction 

9 Steam to Installation 

10 Steam to Pump 

1 1 Steam to Steaming Out Heater 

12 Drain from Steaming Out Heater 

1 3 Drain from Water Collector to Tray 

14 Drain from Water Collector to Drain Tank 

1 5 Drain from Tray to Sump 

1 6 Heater Escape to Suction 

1 7 Exhaust from Pump 

The Heater 

The construction of the heater is shown in Fig. 2. Oil passes through 
solid-drawn steel tubes, bent in U-form and expanded into one steel-tube plate, 
thus diminishing the risk of leaky tubes. As the tubes are free to expand under 
the influence of temperature variations, a connection for blowing steam through 
the tubes has been introduced to clean them without the necessity of taking 
any part adrift, and without fear of slackening the tubes in the tube plate. To 
deal with such a contingency as solid matter adhering to any part of the tubes, 
a supply of special cleaning tools is available for scraping the straight portion 
of the tubes and also for passing round the bends. ^ 
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\ Cock, Steam Heater OH Outlet , Valve, Steam 

for Cleantng Valve Discharge for Cleaning 
Heater } to Strainer Heater 


Control Valve, ^4 Heater 

Steam to Relief Valve, 

Heater Led to Suction Air 

St/tnm tn Pumn 



Tube Plate SECTION THROUGH HEATER 

Fig. 2.— The Wallsend-Howden standard U-iube oil-fuel heater 


Strainers 

Strainers are a most important component of any oil-fuel firing system, and 
are frequently fitted in pairs with change-over valves, so that one acts as a 
stand-by while the other is in use. From the point of view of safety and con- 
venience this system has the objection that if the change-over valves are not 
perfectly tight on their seats, owing to dirt or for any other reason, hot oil 
under pressure and in a highly inflammable condition may escape when a joint 
in the strainer is broken for cleaning purposes. In order to eliminate this 
possible source of danger, the Auto-Klean strainer has been introduced as a 
standard part of the? equipment. The straining medium of the cleaner is cleaned 
by turning a handle and no joints have to be broken. 

The strainer is shawn in part section in Fig. 3. Oil enters by the inlet branch 
and then passes between a series of perforated steel plates accurately spaced 
apart, but with only a fine clearance between each plate, and assembled in the 
form of a cartridge, which can be revolved by means of a handle. 

Inserted between the plates, but independent of them, is a series of fixed 
knives or cleaners. Any dirt entering the strainer with the oil lodges on the 
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outside of the cartridge; if, therefore, the accumulation of dirt becomes 
excessive, there would be a drop in pressure indicated by the pressure gauges as 
the oil passes through the strainer. In order to clean the cartridge when there 
are indications that it is dirty, the handle is given a half-turn so that the knives 
which remain stationary remove the dirt from the cartridge and cause it to fall 
into the sump. 

The OU-fuel Burners 

After leaving the strainer the oil travels through the discharge pipes to 
the burners. The burner is shown in section in Fig. 4 and consists of four parts, 
viz. the body, cap, nozzle, and diaphragm. Typical nozzle ends are shown en- 
larged and in detail in Figs. 5 and 6, which illustrate two different types — the 
first is known as the “F” type and the second the Intermediate type. In both the 
oil passes nearly tangentially through the diaphragm into the swirling chamber 
formed in the nozzle. The velocity with which it passes through the nearly 
tangential holes causes the oil to spin or revolve in the swirling chamber, so 
that on issuing from the nozzle the oil flies apart under the influence of centri- 
fugal force and opens out into the form of a conical spray of mist-like particles. 

The wall of the hollow cone of spray should be as thin and as uniform as 
possible so that air can mix rapidly with it. It will be understood from the fore- 
going that the centrifugal action which atomises the oil depends very largely 

upon the velocity 
with which all the oil 
passes through the 
holes in the dia- 
phragm, and that, 
therefore, the fineness 
and angle of spray 
may be changed by 
varying the size or 
number of holes in 
the diaphragm. The 
smaller the total area 
through the holes in 
the diaphragm rela- 
tive to the area of the 
hole through • the 
ndzzle, and the higher 
the velocity with 
which the oil passes 
through the holes in 
the diaphragm, the 
wider and finer the 
spray will be. 

Fio. 3.— Section through Wallsend-Howden oil-fuel strainer It is obvious' that 
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Fig. 4 (r/jfAr).— S ection 
7 HROUGH WaLLSEND- 
Howden oil-hjfl 

BURNER 




CAP BODY 


Fk.. 6 (right). — En- 

J.ARGED VIEW Of 

Wallsend-How- 
den burner end— 
“ intermediate ” 

TYPE 


the velocity of the oil increases with pressure. The “F” type of nozzle and 
diaphragm works at pressures varying between 75 and 175 lb. and gives the 
widest spray. It is suitable for all grades of oil, including the heaviest and 
most viscous. • ^ 

The “Intermediate” type of burner works at pressures between 50 and 
100 lb. It is suitable for central firing with fire-bars removed with most classes 
of oil fuels, and also for furnaces in which oil is being burned with the fire-bars 
remaining in position, provided the diameter of the furnace is suitable. 
Tables are available showing approximate quantities of oil passed through 
the burners per hour when provided with nozzles and diaphragms of a given 
size. 
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The Air Director 

The main difference in the problems of burning oil and coal lies in the fact 
that a large portion of the latter is solid at the temperature of ignition. Oil, 
however, is sprayed into the furnace in the form of a mist and partial vapour, 
which the draught catches up and carries with it, so that unless the air is admitted 
to the furnace in such a manner that will cause rapid and intimate mixture of 
air and oil, some of the oil will escape unburned. 

The natural-draught air director is illustrated in Fig. 7, and consists 
essentially of two concentric trunks with vanes fitted in the annular space 
between them through which the main air supply is admitted to the furnace. 
The vanes impart a whirling motion to the air, so that in boilers with circular 
furnaces the air travels along a spiral path which is also followed by the fine 



Fig. 7.— Natural-draught Wallsend-Howden air director hinged to give easy 

ACCESS to furnace 


particles of oil carried by the air. This has the effect of retaining or banking up 
the burning vapours, gases, and carbon near the front of the furnace, so that 
combustion is completed before the gases leave the intensely hot zone. 

The sliding sleeve can be adjusted to control the amount of air entering the 
furnace. The function of the burners in the front plate is to regulate the position 
of the flame by admitting air to the inner trunk. Closing the louvres brings the 
flame forward, opening them throws it back. The amount of opening is dependent 
upon the quantity of oil being burned and upon its quality and calorific value. 

In addition to imparting a whirling motion to the air, the vanes in the 
director perform other important functions. Owing to radiation from the 
furnace^ the vanes become heated and serve the double purpose of preventing 
loss due to radiation and of heating the air which comes into contact with them, 
thereby assisting combustion. 

Oil Temperature 

Most fuel oils require to be heated in order to reduce their viscosity, or, in 
other words, increase the fluidity, sufficient to ensure fine atomisation.* The 
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other words, increase the fluidity, sufficient to ensure fine atomisation.* The 
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superintendent engineer or chief engineer can obtain about three spots on the 
curve which can be plotted on the chart and the best working temperature 
and pressure estimated. 

Changing Burners 

In the event of any burner requiring to be extinguished and removed for 
cleaning or other purposes, the air regulators should at once be closed to 
prevent air impinging on the hotplates. 

Spare burners should be kept ready made up for use with nozzles, and 
diaphragms fitted so that only about half a minute is occupied in changing 
a burner. 

The spray should be fine and clear, and should spread at an angle of not 
less than 70°. • 

If the spray is streaky, or the angle is less than 70°, the burner is not working 
properly and must be changed and cleaned. 

The burner valves are not for regulating the quantity of oil delivered by 
the burners, and must be either fully open or shut. The output is regulated by 
oil pressure. 

Cleaning Nozzles and Diaphragms 

When it is necessary to clear the holes of the nozzles and diaphragms, a soft 
copper wire should be used for the purpose, as harder material may damage 
the orifices. 

Paraffin should be used for washing the nozzles, diaphragms, and burners, 
as it readily removes asphalt, etc,, and care must be taken to see they are 
perfectly clean. 

Carbon forming in the Furnace 

Coke may form in the furnace, owing to too low an oil temperature, a dirty 
burner not spraying properly, or the oil spray being too wide for the furnace. 
Whatever the reason, the coke should be broken up and pushed to the back of 
the furnace, where it will burn away. Excessive coke formation is a nuisance, 
and should be avoided, but shght coke formation does not lower the efficiency 
provided it is nol allowed to accumulate. Its formation varies with different 
classes of oil, so that the angle of spray must be adjusted as found necessary. 
The wider the spray that can be used without excessive coke formation, the 
higher the efficiency of combustion. 

A satisfactory nfethod of dealing with excessive coke formation in a furnace 
is to deliver a small quantity of fresh water into the furnaces along with the 
oil. This can be don^ by introducing the water at the snifting valve on the 
pump. 

Pulsation 

Pulsation or panting may be caused by any or all of the following conditions : 
lack of air, excessive oil temperature, poor arrangement of flues, and water in 

E.W.P. IV.— 10* 
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Fig. 10.— Single-front air rhcjister adapted for forced-draught conditions 
{Babcock & Wilcox^ Ltd.) 

the oil. Tliis vibration can usually be remedied by careful attention to oil 
temperature and pressure and air supply. 

Babcock & Wilcox Air Registers and Burners 

The air register (Fig. 10) is of circular construction and aejapted for forced- 
draught conditions. The air control consists of a mild-steel framework mounting 
a number of inward-opening mild-steel air doors on the circumference. The 
front is completely enclosed by a mild-steel screen plate which minimises the 
effect of direct radiation from the furnace, and on this plate are mounted the 
oil-fuel sprayer supports and the actuating gear for the air doors.. 

There are two vital requirements for the successful burning of fuel oil so 
far as the oil burner itself is concerned. They are: 

(1) The oil must be completely atomised to a very fine mist. 

(2) The atomised oil must be thoroughly mixed with sufficient air for 
complete combustion, and the maximum turbulence of the mixture obtained. 

In Babcock & Wilcox burners the first condition — complete atomisation^ 
is secured by forcing oil at the proper degree of fluidity through slots in the 
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inner face of a sprayer plate and discharging it tangentially into a conical 
chamber having an orifice at its apex. This causes the oil to whirl at high speeds 
around the conical chamber and to emerge from the orifice into the furnace in 
a hollow cone of minute particles in proper condition for mixing with the 
heated combustion air. 

Experience shows that the second requirement is best met by the admission 
to the furnace of all the air necessary for combustion through a burner register 
and throat surrounding the atomiser. Air is admitted to the furnace through 
adjustable doors on the register, causing the air to rotate as it moves towards 
the atomiser tip. An impeller plate or diffuser at the furnace end of the atomiser 



F K». IJ F^abcock & Wilcox patent oil burner 

permits the passage of the proper quantity of air for mixing with the oil as it 
emerges from the sprayer plate. This results in a very short flame at all outputs. 

Babcock & Wilcox Burners 

Babcock & Wilcox burners are all fitted with a quick-release clip com- 
prising a bridle ^pd clamping screw, so that the burners can be easily and quickly 
dismantled and withdrawn. They are also fitted with safety automatic valves, 
which prevent oil leakage in the case of a burner valve being opened with the 
burner removed. The atomiser is in two parts : the distributing plate and the 
orifice plate. The distributing plate incorporates a number of channels varying 
from two to four, whidh are cut tangentially to a central race. One end of this 
race is closed by the back of the distributing plate, the other by the orifice plate. 

The arrangement of the channels or slots produces a rotary action in the 
oil inside the race, the effect of which is that after discharging from the orifice, 
the oil is discharged in a conical spray of fine formation. 

These burners are suitable for the heaviest grade of fuel oil, providing it is 
preheated to a temperature at which viscosity is suitable for spraying. This is 
usually 80-120 seconds Redwood No. 1. 
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The Thornycroft, Burner 

The burner shown in Figs. 12 and 13 is suitable for use with a wide range of 
liquid fuels, including the heaviest boiler fuel oil and also creosote pitch. 

The fuel is pumped under pressure into the central supply tube of the 
sprayer body via a flexible hose, safety cock, and quick-change clamp. It then 
passes into the atomiser whirling chamber through channels arranged tangentially 
to the outer diameter and finally out through the exit hole in the atomiser cap. 

By these means the stream of fuel is caused to rotate at a very high velocity 
just before leaving the exit hole, after which it opens out into a wide conical 
cloud of extremely fine particles. 

The combustion air, which enters the circular box surrounding the burner, 
is caused to rotate and develop into a vortex flow, attaining its maximum in- 
tensity at the point where it meets the fu61 particles. 

The output of individual burners is adjustable within limits by means of 
pressure changes, but each burner is supplied with quickly interchangeable 
atomisers of different capacities. 



Fig. 14 .— “Hot” and “hot or cold” oil-fuel burners (/. Samuel White) 
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prevents fluctuations of pressure in the burner supply line, and the pressure in 
this line is regulated by the adjustable spring-loaded relief valves, on the dis- 
charge side of the pumps, which can be set to any required pressure to suit the 
steaming conditions. The suction and discharge filters are each mounted on 
separate oiltight trays, which enables each installation to be laid out in the most 
convenient arrangement to suit the circumstances. 

Apart from the general compactness of the unit, the chief difference in the 
general design is in the oil-fuel heater, which is of the large-bore coil design, 
the oil being on the inside of the pipe coil and the steam on the outside. Thus! 
the oil passes through the heater at a constant speed. The great advantage of 
this arrangement is that very little carbonisation of the oil takes place in the 
coils, provided the usual care and attention is given to the unit. Another 
important point is that, as the coils are made of solid-drawn steel tubing with 
no internal joints, there 


is little possibility of oil 
leaking through the 
steam side. 

The furnace fronts 
manufactured by this 
firm follow general 
principles, both for 
natural-draught and 
forced-draught installa- 
tions, care being taken 
to ensure that the air for 
combustion is easily 
regulated and is admitted 
in equal quantities all 
round the burner, to en- 
sure complete mixture 
with the oil spray and 
perfect combustion. 

The “White^” oil 
burner is designed to 
atomise oil of all gravities 
up to the heaviest crude 
oil at pressures between 
60 lb. and 95 lb.* per 


Fig. 15. — Duplex oil 

PUMPING AND HEATING UNIT 
{Whitens Marine Engineering 
Co„ Ltd.) 
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square inch. The oil, after being healed to obtain the desired viscosity for 
cfTective atomisation, passes along grooves in a cone surface, whence it enters 
the whirling chamber, where a pressure velocity conversion takes place, causing 
the oil to issue from the orifice in the form of a finely divided conical spray. 

The latest-type “F’' burner is shown in Figs. 16 and 17. It will be seen that 
the burner cannot be removed until the safety cock handle is in the “shut" 
position, the guard on the handle protecting the pinching screwhead, and, 
having removed the burner, the safety cock cannot be opened until it is 
replaced. 

Todd Oil-burning Equipment 

The Todd type “R” rotary burner shown in Fig. 18 is of the horizontal 
rotary atomising type, in which atemisation is accomplished by feeding the oil 



FkU 16 .— TyIM' “F" oik BURNhR WII'll SAIHY SHUI-OIl (OC’K 
{White's Marine Enf^ineeiing Co., Ltd.) 


into an open horizontal cup, rotating at high speed by belt drive from an 
electric motor. Primary air for atomisation is supplied by a fan mounted on the 
same shaft as the spinning cup and driven by the same mqtor. Secondary air 
for combustion is admitted bdow the burner through a hinged air door. 

The essential pans are the atomiser cup, air cone, the primary air fan, the 
motor, and the secondary air admission door. 

The burner is constructed with a hollow hinge pin to enable it to be swung 
open when not in operation. Each burner is supplied with a special brick 
venturi ring, with an angle of recession designed to prevent impingement of 
the flame. 

The motor drives the fan and spinning cup shaft through V-belts, at a speed 
of 3,400 r.p.m., and a simple arrangement on the motor seating is provided for 
adjusting the tension of the V-belts. 

Air is admitted to the primary air fan through a small register on the 
underside of the burner, and is regulated by a butterfly damper installed in the 
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Burner spring. plug and glands. 

Strainer atomiser. 13. SafeU -cock handle. 

14. Spring. 

( White's Marine Engineering Co., Ltd.) 
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register; seeondary air for combustion is admitted through the secondary air 
door, which is bolted to the cast-iron front plate. 

The type “R"' burner will operate w'lth oil supplied by gravity, or, if more 
convenient, by a separate motor-driven rotary oil pump fitted with relief 
valves. 

The burner is equipped with a vaporstat, operated by air pressure from the 
fan. This automatically shuts otf the oil supply to the burner in the event of 
motor failure, or stoppage of the burner for any other reason. 

Steam or Air Atomising Burners 

The Todd steam or air atomising oil burners are designed in two si/es, small 
and large type, to burn any grade of fuel. The smaller type, shown in cross- 
section in Eig. 19, IS designed to handle quantities of fuel up to 100 lb. per hour, 
and the larger type for any requirements above that amount, each with corre- 
sponding steam or air pressure, varying from 5 lb. to 20 lb. per square inch. 

The oil is atomised by either steam or air, depending on the conditions and 
the grade of fuel to be burned. Air for combustion is obtained by natural 
draught, and simple control is pro\ided to adjust the air supply to obtain 
maximum economy of operation. 

The burners operate efficiently on the heaviest grades of fuel oil, preheated 
to a tempvTature of approximately 150 E., and steam is recommended as the 
atomising agent with this grade of oil. The burner will operate with equal 
efficiency on diesel oil or light grades of fuel oil, using either steam or air as 
the atomising agent. 



Fi(.. 18. - Todd type “R” rotary oil burner 
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The oil supply t(\thc burners may be arranged lYoin a gravity tank, situated 
at a suitable height, to ensure a steady flow of oil, or alternatively with a small 
pump, according to the space available and the output required. If the oil is 
too heavy a quality to be burned cold, then a suitable preheating arrangement 
must be provided, either by means of a steam coil in the supply tank, or alter- 
natively by an oil heater inserted into the oil-supply pipe to the burner. 

The Todd small-type steam or air atomising oil burner is particularly 
suitable for oil firing cooking ranges, bakers’ ovens, roasters, metal-melting and 
pipe-bending furnaces, and small steam boilers, where the amount of fuel 
required to be burnt does not exceed 100 lb. per hour. 


Mechanical Pressure Burner 

The Todd “Vee Cee” mechanical-pressLW'c atomising fuel-oil burner (Fig. 
2v)) is designed for use in installations where it is desired to atomise solely by 
means of fuel-oil pressure and when the load fluctuates over a wide range. 

The burner operates without the use of an atomising medium, such as 
''team or compressed air, and there are no moving parts. This type of burner, 
used in conjunction with Todd air registers, is particularly applicable to boilers 
of 100 h.p. and over, operating at 50 lb. working steam pressure or higher, 
such as water tube or horizontal return tubular boilers in both stationary and 
marine installations, petroleum refining shell and tube stills, and cracking coils. 
These burners may be installed with any of the Todd air registers. 

1’he operation of the “Vee Cee” burner is simple and positive. Oil at 



1. Oil nozzle. 5. Valve spindle. 

2. Nozzle casing. 6. Neck ring. 

3. Body. 7. Gland. 

4. Swivel valve. 8. Gland nut. 


9. Hand wheel. 
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register; seeondary air for combustion is admitted through the secondary air 
door, which is bolted to the cast-iron front plate. 

The type “R"' burner will operate w'lth oil supplied by gravity, or, if more 
convenient, by a separate motor-driven rotary oil pump fitted with relief 
valves. 

The burner is equipped with a vaporstat, operated by air pressure from the 
fan. This automatically shuts otf the oil supply to the burner in the event of 
motor failure, or stoppage of the burner for any other reason. 

Steam or Air Atomising Burners 

The Todd steam or air atomising oil burners are designed in two si/es, small 
and large type, to burn any grade of fuel. The smaller type, shown in cross- 
section in Eig. 19, IS designed to handle quantities of fuel up to 100 lb. per hour, 
and the larger type for any requirements above that amount, each with corre- 
sponding steam or air pressure, varying from 5 lb. to 20 lb. per square inch. 

The oil is atomised by either steam or air, depending on the conditions and 
the grade of fuel to be burned. Air for combustion is obtained by natural 
draught, and simple control is pro\ided to adjust the air supply to obtain 
maximum economy of operation. 

The burners operate efficiently on the heaviest grades of fuel oil, preheated 
to a tempvTature of approximately 150 E., and steam is recommended as the 
atomising agent with this grade of oil. The burner will operate with equal 
efficiency on diesel oil or light grades of fuel oil, using either steam or air as 
the atomising agent. 
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The atomiser handle conducts oil 
from the connection in the housing to > 

the atomiser barrel ; the fluted projection v7\ 

on this casting assists in handling the ^ 

atomiser. The oil passes from the duct ? 

in the handle through the atomiser barrel j J 

to the nozzle body. A collar on the 'tUtm j 

nozzle body prevents air from blowing j 

The sprayer plate consists of a central 
chamber to which the oil passes byway 
of nearly tangential slots. Passage of the 

oil under pressure through these grooves cau.^cs the oil to rotate in this chamber, 
liom which it passes to the orifice, leaving the latter in the form of a spray. 

The sprayer plates are made in two types. One type has a flat leaving face 
and the other is made with a countersunk leaving face. The sprayer plates with 
the flat leaving face are generally for use on cylindrical boilers, and the sprayer 
plates with the countersunk leaving face are usually adopted for use on water- 
tube boilers. 

The rear surface of the sprayer plate, which is machined and polished, 
makes a metal to metal joint with the outer face of the nozzle body. The 
sprayer plate is held against the latter by the sprayer-plate nut. 

T/ic -The Todd “Hex-Press" register is of the all-round air type. 

\ir flow and intermixture are produced by curvilinear surfaces embodied as 
integral parts ()f the air admission doors. These doors admit air around the oil 
spray practically entirely in front of the diffuser, the latter being at the lireroom 
end of the air register. 

The scoop-hke vanes are set at an angle which causes the deflected air 
streams to intersect the fuel issuing from the atomiser in a vertical plane 
adjacent to the Hame cone or dilTuser that is carried by the burner jacket tube. 

This obje..L is accomplished by forming 



the register wall of a sc.ies of overlapping 
louvres or hinged doors, wdiich are opened 
inwardly to admit streams of air over their 
outer surfaces, and curved vanes carried 
respectively by the hinged doors, these 

Pic.. 22.- ('k().ss SFciioN ()i Todd “Hi\-J*kiss” 
miRNFR 

The numbered parts refer to the an register unit. 

II. Diffuser. 112. Front plate. 

13. Base frame. 113. Centre plate. 

14. Column studs. 115. Air shutters. 

16. Ring roller, plain 129. Venturi brick 

111. Operating lever pin. quarl. 

137. Ignition door cover. 
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Fig. 23.— Sectional viev 

A. Chest. 

B. Dome. 

r. Oil chamber. 

B. Oil connection nut. 

E. Oil connection tail. 

F. Steam connection nut. 

G. Steam connection tail. 

H. Spring dome. 

K. Adjusting screw. 
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L. Adjusting wheel. 

M. Spring. 
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Piston, 


vanes being provided with curvilinear or scoop- 
like inner surfaces that direct the air streams into 
a rearwardly directed spiral air flow. 

Pump Governor 

The duty of a pump is to displace a certain 
volume of fluid within a given time to a certain 
point or at a given pressure. 

The Todd pump governor (Fig. 23), when 
attached to the steam supply of any pump, will not only cause that pump to 
stop and cease work the moment any predetermined pressure has been obtained, 
but will start the pump again as soon as any predetermined drop in pressure 
has taken place, and not till then. This means that if a certain number of 



STEAM 

OUTLET 


burners are shut down, the governor automatically comes into operation and 
reduces the supply of steam to the pressure pump. On the other hand, if an 
extra number of burners are brought into operation, the governor will again 
automatically increase the steam supply to the pressure pump. The oil pressure 
to the burners is thus regulated by the pump governor valve, thereby obviating 
the constant regulating of the steam valve on the pump to suit varying 
conditions. 


E. P. 



THE TESTING OF LUBRICATING 
AND FUEL OILS 

O IL is one of the most important commodities of our present age, so 
much so that the life of the modern world would be impossible without 
it. It may be a matter for philosophical conjecture whether it would 
have been better for mankind had there t^en no inventions like the internal- 
combustion engine, gas turbine, and all the multitudinous mechanisms which 
surround us to-day, but the hict remains that our present-day industries, 
transport, and communications depend for their existence on supplies of oil. 

Oils arc available with a wide variety of properties, and they must be 
selected for the specific purposes for which they arc intended if they are to 
fulfil their functions in the best possible way. A lubricating oil which is suitable 
lor a certain set of conditions may be absolutely worthless as a lubricant under 
other conditions. For example, the type of oil which is required to operate at 
high temperatures in a steam-engine cylinder must have entirely diflerent 
properties from an oil which lubricates the bearings of a light mechanism at 
normal atmospheric temperatures. 

The various properties of oils, such as density, viscosity, flash-point, etc., 
can be ascertained by means of specially designed apparatus, and the combined 
Results of these tests will enable an oil technician to determine for what purpose 
an oil is suitable. Various oils may be blended together so as to get combinations 
of certain properties, and the chemist to-day is able to produce oils of an 
enormous range and combination of properties. 

Sources of Oils 

Oils may be derived from three sources : 

(1) Animal. 

(2) Vegetable. 

(3) Mineral. 

Examples of animal oils are lard, sperm oil, and tallow. The fat is extracted 
Irom the body of the animal under pressure by steam. Vegetable oils include 
olive, castor, palm, colza, linseed, etc. These oils are removed from the seeds 
by either a pressing process or by means of solvents. Many of the animal and 
vegetable oils are unsuitable for lubricating purposes, as they are subject to 
gumming or rapid oxidation. These are often used for painting oils, where the 
drying and thickening properties are of value. Small quantities of animal or 
vegetable oils are, however, often blended with mineral oils. 
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Fjc;. 1— Set oe hydrometers 

The hydrometers in the set shown cover a wide 
range of densities. 


Fig. 2. -Specific 

GRAVn Y BOITLE 


extent If" I**® tremendous 

extent of the petroleum industry and the enormous wealth involved in obtaining 

poliS Sues'*^ importance as to exert an influence on internationa! 

How an Oil Lubricates 

dealt whSivt mincssary. This question will be 

dealt with briefly before going into the matter of the actual testing of oils. . 

them mbbed together, friction is generated between 

them If the surfaces are very rough, this friction is high, due to the projections 
of the surfaces rubbing against each other. Friction generates heat, and if the 
‘be surfaces is sufficiently great and the temperature generated 
by the friction is high enough, seizure of the two surfaces may take place. 

The purpose of a lubricating oil is to separate surfaces which are in relative 
movement by the formation of an oil film between them. So long as an oil film 
.s maintained between the two surfaces they cannot seize. It is only when the 
The^l?e‘* broken .and the surfaces come together that seizure can take place. 
The pressure forcing the surfaces together tends to squeeze out the oil film, and 
an oil must be chosen which will successfully resist this 'tendency under the 
hSeJn be “thick” enough to prevent the film 

Is Son.*' “™ “ ■» ™ 

maintained by the relative motion of the surfaces 
and When thfs motion ceases the oil is squeezed out. The “thickness” of the oil 

with the change of temperature, the oil 
becoming thinner as the temperature rises. The viscosity at the working 
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temperature must therefore be such as to ensure that the oil film is maintained 
at that temperature. Therefore, oils working under high temperatures are very 
“thick” at normal temperatures, whereas oils working at low temperatures, as 
in refrigerators, are very thin at normal temperatures. 

Testing of OUs 

Specifications are laid down which define what the properties of various 
oils should be to meet the requirements of definite operating conditions. When 
a bulk supply of oil is purchased, it is therefore possible to get a representative 
sample and subject the oil to the approved test to see if it complies with the 
specifications. An obvious method of testing an oil is to subject it to the exact 
conditions under which it will work in practice and carefully note its behaviour 
over a long period. It is often impracticable, however, to carry out full-scale 
tests of this description, since failure of the lubricant may result in extensive 
and costly damage being done to the machine being lubricated. Similarly, a 
short test of this description may be very misleading, as it may not be possible 
to reproduce those factors which depend on the length of time of operation. 
The usual tests carried out are as follows : 

Specific Gravity 

The specific gravity of a substance is the ratio of the weight of a given 
volume of that substance to the weight of the same volume of water. The specific 
gravity of oils may be determined by two main methods — one by using a hydro- 
meter, and the other by using a specific gravity bottle. The use of a hydrometer 
is the simpler method, and while this is not as accurate as the specific gravity 
bottle, it is sufficiently accurate for most purposes. A hydrometer consists of a 
glass float with a graduated stem weighted at the lower end so as to float 
vertically in a fluid. 

When the hydrometer is placed in a liquid, it sinks to a depth which is 
dependent on the density of the liquid, and the specific gravity is read on the 
graduated stem at the point which coincides with the surface of the liquid. 
Hydrometers are often supplied in sets, each hydrometer being graduated to 
deal with a small range of densities and the total range of the set being dependent 
on the number of hydrometers in the set. Fig. 1 shows a case containing nine 
hydrometers which cover a range of specific gravities from 0-650 to MOO with 
a range of 0-05 each. 

Fig. 2 illustrates a specific gravity bottle. This is a bottle which is fitted with 
a ground stopper through which is a small hole. The method of finding specific 
gravity is as follows : the bottle is first carefully cleaned and dried and then 
weighed with the stopper. It is then filled with distilled water, the stopper being 
inserted so as to ensure that the bottle is completely full, the small hole allowing 
water to pass through it as the stopper is inserted. After carefully wiping, the 
bottle is again weighed. The difference between the two weighings gives the 
weight of water. The bottle is then emptied of water, dried, and filled with 
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the oil to be tested, the stopper being inserted as before to ensure that the bottle 
contains the standard quantity. The full bottle of oil is then weighed, the actual 
weight of oil being found by deducting the weight of the empty bottle. The 

... t j weight of oil 

specific gravity is then calculated irom . , ^ ^ . • 

^ weight of water 

In repetitive tests, the weight of the bottle empty and full of water will have 
been obtained (or this will be indicated by the maker on the bottle), so that all 
that is necessary for subsequent tests is to fill the bottle with the oil to be tested 
to enable the above calculation to be made. The standard temperature at which 
specific gravity should be taken is 60° F. 

If a liquid is heated, it expands and therefore becomes less dense, which 
shows itself in a reduction of specific gravity. If it is not convenient to test oil 
at 60° F., the specific gravity may« be corrected by adding 0-00034 for each 
degree F. below 60° F., or by subtracting 0-00034 for each degree F. above 
60° F. F"or example, if the specific gravity of a certain oil at 100 ’ F. is 0-880, 
then at 60° F. its specific gravity will be: 

0-8800 + (100 - 60) X 0-00034 
- 0-880 + 40 X 0-00034 
= 0-880 + 0-0136 
0-8936 

If two oils with different specific gravities are mixed, the specific gravity of 
the mixture can be calculated from the formula 


Sm = 


V,S, -I - VjS^ 
^ 1+^2 


where : — 

Sm is the specific gravity of the mixture, 
is the volume of No. 1 oil. 

Vo is the volume of No. 2 oil. 

is the specific gravity of No. 1 oil. 

S 2 is the specific gravity of No. 2 oil. 

The specific gravity of lubricating oils varies from about 0-86 and of fuel oils 
from about 0-65 to just over ,1-0. The specific gravity is relatively unimportant 
from the point of view of the quality of lubricating oils ; its main use is in the 
conversion of weights and volumes when oil is being purchased. In the case of 
fuel oils, the specific gravity gives some indication of the calorific value. 


Viscosity 

As already indicated, viscosity is one of the most important properties of a 
lubricating oil. The instrument for determining viscosity is called the viscometer. 
Fig. 3 illustrates a U-tube viscometer. British Standard Specification No. 188— 
1937 specifies the use of such an instrument. The U-tube viscometer is immersed 
in a bath of liquid at a controlled temperature. A given volume of oil is placed 
in the bulb A down the tube T, and this is sucked up the small capillary tube E. 
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Frr..3 {left)—k U-tube VTsrr'MEiTR 


Fig. 4 {above). — The Redwood 

VISCOMETER 


The oil level is adjusted to the point B, and the oil is then allowed to flow back 
through the capillary tube under its own head. The time for the oil level to fall 
from j? to C is taken, and from this the viscosity is calculated. 

Another type of wiscq^ieler is used in which a sphere of specified diameter 
and density is allowed to fall through the liquid contained in a flask and the 
time is taken for the sphere to fall a specified distance. Calculations are then 
made to determine th^ viscosity. 

Viscometers for carrying out tests commercially depend upon the principle 
of allowing the liquid to flow from a vessel through a small hole, and finding 
the time necessary to collect a specified quantity. In Britain, the Redwood 
viscometer is the standard instrument, on the Continent the Engler is used. 
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Fig. S.—Showing the variation of 

VISCOSITY WITH TEMPERATURE 

The viscosity of the oil A falls rapidly 
with rise of temperature, but the oil ^ 
shows a much smaller change of viscosity 
over the same temperature range. 


while in the U.S.A. the Saybolt viscometer 
is used. The RedwooS viscometer is illus- 
trated in Fig. 4. It consists of a cylindrical 
vessel with a small orifice in the centre of 
the base which can be closed by a ball 
valve. 

The vessel is surrounded by a jacket 
which can contain water or oil at a 
controlled temperature so as to maintain 
a constant temperature of the oil being 
tested. A copper tube, closed at the 
lower end, projects from the side of this 
jacket, so that the liquid in the jacket may 
be heated by a bunsen burner placed under 
the tube. Thermometers are fitted so that 
the temperature of the jacket and of the 
oil to be tested can be read. A stirrer is 
fitted to agitate the liquid in the jacket to 
ensure even jacket temperature. 

The test is carried out as follows : 


The central vessel is filled to the height of a hook gauge with oil at 
the required temperature. After ensuring that the temperatures are constant, the 
ball valve is lifted, and this allows the oil to flow through the orifice into the 
measuring vessel placed below. The viscosity of the oil in “Seconds Redwood” 
is given by the time in seconds for 50 c.c. of oil to flow through the orifice. For 
very viscous oils an instrument with a larger orifice, called the No. 2 Redwood 
viscometer, is used, the time of flow for this instrument being one-tenth of the 


time for the No. 1 Redwood viscometer. 


In order to find the variation of viscosity with temperature, oil may be 
tested at a number of temperatures, and these are usually taken as 70"" F., 
100° F., 140° F., and 200° F. Higher or lower temperatures may be used for 
special oils. Graphs may be plotted to show the variation of viscosity with 
temperature. Fig. 5 shows curves plotted for two different oils. At low tempera- 
tures the oil A is very viscous. The viscosity of this oil falls Vapidly with rise of 
temperature, so that at high temperatures it is very fluid. The oil B has a much 
flatter curve, showing a much smaller change of viscosity over the same tem- 
perature range. 'At the temperature P both oils have the same viscosity. 

The term “viscosity index” is used to indicate the fate of change in the 
viscosity of an oil over a given range of temperature. An oil whose viscosity 
changes rapidly over a given range of temperature has a low viscosity index, 
while an oil with a small change of viscosity has a high viscosity index. This 
variation of viscosity with temperature is of importance when selecting oils for 
internal-combustion engines which may operate under conditions of widely 
varying temperatures. With these engines it is necessary to ensure easy 
starting up from cold, but at the same time to ensure that the viscosity at 



TESTING OF LUBRICATING AND FUEL OILS 311 




Frr..3 {left)—k U-tube VTsrr'MEiTR 


Fig. 4 {above). — The Redwood 

VISCOMETER 


The oil level is adjusted to the point B, and the oil is then allowed to flow back 
through the capillary tube under its own head. The time for the oil level to fall 
from j? to C is taken, and from this the viscosity is calculated. 

Another type of wiscq^ieler is used in which a sphere of specified diameter 
and density is allowed to fall through the liquid contained in a flask and the 
time is taken for the sphere to fall a specified distance. Calculations are then 
made to determine th^ viscosity. 

Viscometers for carrying out tests commercially depend upon the principle 
of allowing the liquid to flow from a vessel through a small hole, and finding 
the time necessary to collect a specified quantity. In Britain, the Redwood 
viscometer is the standard instrument, on the Continent the Engler is used. 
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flashes is the open hash point, A lubricating oil with a high flash point is re- 
quired for such machines as air compressors, where a high temperature is 
generated inside the compressor cylinder, due to the compression of the air, and 
where an explosion resulting from the ignition of the lubricating oil would have 
serious consequences. 

It two oils having different flash points are mixed, the flash point of the 
resulting mixture may be found from 

CfV.Fj 4 

where : — C is a constant. 

is the weight of oil No. 1. 

IV 2 is the v^eight of oil No. 2. 

Fj is the flash point of oil No. 1. 

Fo is the flash point of oil No. 2. 

The constant C has a value of approximately 0-4 for American oils and 0-9 for 
Russian oils. 


Fire Point 

The ffre point is the temperature at which the vapour of an oil commences 
to burn for a period of 5 secs, when a test flame is applied. The lire point of an 
oil is approximately 60“^ F. above the open flash point. The same apparatus as 
is used for the determination of the flash point may be used for the determination 
of the fire point. 


Volatility 

The readiness with which an oil loses weight by evaporation is its volatility. 
A fuel oil should be fairly volatile, so that it is readily converted into vapour for 
combustion. Lubricating oils should normally have a low volatility. To carry 
out the test a standard quantity of oil is placed in a vessel and heated at a 
specified temperature for a (Jefinite time. The oil remaining is weighed, and the 
loss of weight, expressed as a percentage of the original quantity, gives an 
indication of the volatility. 

Cloud and Pour Points • 

It has been pointed out that as the temperature of an oil falls it becomes 
very viscous. If the temperature continues to fall, a point is reached where the 
oil becomes cloudy due to the formation of small crystals. This temperature is 
known as the “cloud point.” If the temperature is further reduced, a point will 
be reached where the oil will only just flow when the vessel is tilted. Fig. 7 
illustrates the apparatus used for the determination of the “cloud” and “pour” 
points. It consists of a cylindrical test jar tightly closed at the top by a^ cork, 
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through which fits the test thermometer. The test jar containing the oil is placed 
in a cooling bath, which extracts the heat from the test jar and oil until the cloud 
and pour points are reached. 

Cold Test and Setting Point 

An oil may be required to operate for a part of its time at extremely low 
temperatures under such conditions as may be experienced in aircraft flying at 
high altitudes or in pneumatic tools where the expansion of compressed air 
produces a chilling elTect. It is essential that such an oil should remain fluid, 
and that there should be no danger of it setting due to the low temperature, and 
the oil must therefore have a low setting point. 

The apparatus used for the detcrminatipn of the setting point, that is, the 
point at which the oil ceases to flow when subjected to a small pressure, is 
illustrate in Fig. 8. 

A sample of oil is placed in a specially designed U-tube which is placed in 
an air bath surrounded by a freezing mixture of ice and salt, or, for low tem- 
peratures, solid carbon dioxide. A thermometer is inserted in one leg of the 
U-iube, which can be connected to atmosphere or to the supply of compressed 
air stored in the Winchester quart bottle by 
means of the two-way cock. The other leg of the 
U-tube is connected to an indicator tube which 
contains a small quantity of coloured water to act 
as an index. When the oil is fluid the admission of 
low-pressure air to the U-tube will cause a 
movement of oil which will be revealed by the 
movement of the coloured water in the indicator 
tube. As the temperature of the oil falls, a point 
is reached at which no movement is detected when 
the air pressure is applied. This temperature is the 
setting point. 


Carbon Residue Tests 

These tests have been devised to determine 
the amount of carbon formed after a certain 
quantity of oil has been burned. The Conradson 
test is largely used in the U.S.A., but in Britain 
this has been largely Replaced by the Ramsbottom 
test. Fig. 9 illustrates the Conradson apparatus, 
which consists of a porcelain crucible which is 
enclosed in a larger iron crucible fitted with a 
lid. This rests on sand contained in a still larger 
crucible, the whole of which is placed in a sheet- 
iron muffle that is heated from below. A weighed 7,-Apparatus ior test- 
sample of oil is placed in the porcelain crucible ino cloud and pour points 
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measure the time for them to separate when the mixture is allowed to stand. 
Fig. 1 1 illustrates the apparatus used. Twenty c.c. of oil are placed in a graduated 
test-tube which is placed in the emulsification bath A that contains water. 

The steam generator, B, is connected to the test-tube by means of glass and 
rubber tubing with a cork as shown. Thermometers D and F give the tempera- 
tures in the test-tube and bath. A separating bath also containing water, is 
connected to the steam flask in the same .way. The water 
in Ai is heated to 200-203° F. The water in A at the 


commencement is 67° F., and steam is admitted into the 
oil so that the oil temperature rises to between 190° F. and 
195° F. The steam condenses on meeting the oil and 
emulsification takes place, which is continued until 40 c.c. 
of oil and water are contained in the test-tu{)es, the time for 
this being taken. The steam pipe is then removed, and the 
test-tube is transferred 
to the separating bath 


Aj^. The time is then 
taken for 20 c.c. of oil 
to separate. This time 
is a measure of the 
demulsifying property 
of the oil, and provides 
the basis for the demul- 
sification number. 

The property of 
emulsification is desir- 
able in some oils such 
as those which are used 
for coolants in machin- 
ing operations. These 
soluble oils are mixed 
with water to form an 
emulsion, which is 
used on machine { 00 I 5 
for coohng the tool 
and the metal, washing 
away cuttings, produc- 
ing a smooth finish, 
and protecting the 
machined surface from^ 
corrosion and rust. 

Colour 




The colour of oils 9.--Conradson carbon residue 
varies from pale yellow test apparatus 


Fio. 10. — Flask used 

FOR SLUDGE TEST 


E.W.P. IV— 1 1 






Fig. 1 J .—Apparatus used for emulsiucation test 


to red, brown, and almost black. This colour may be judged by transmitted or 
reflected light, that is, by light passing through the oil or reflected from its 
surface. The colour test by itself is not of great value, but it may help to 
distinguish between similar oils. An instrument known as a tintometer is 
used for carrying out colour tests, the principle being that of matching the 
colour of the oil against a standard colour on a coloured slide. 

Dielectric Strength 

When oil is used as an electrical insulator, it is necessary that its resistance 
to the passage of an electric current should be high. The importance of electrical 
transformers and switches at the present time necessitates that this property 
should be ascertainable. The test apparatus consists of a vessel fitted* with 
electrodes across which a high-voltage spark is passed. These electrodes are 
submerged in the oil to be tested, and the voltage adjusted until arcing takes 
place between the electrodes. 

Water Content 

The initial precautions to be taken when testing oil for its water content is 
to ensure that the sample being tested is representative of the bulk of the 


JSTING OF LUBRICATING 

from which the sample has been 
ilected. The sample is placed in a distillation 
lask which is connected by a tube with a 
condenser and a receiver. The contents of the 
lask are heated, and as the vapour rises from 
the distillation flask it is condensed and is 
collected in the receiver, which is graduated 
to indicate the amount collected. Distillation 
is continued at a specified rate until all the 
water has been collected in the receiver. 

Diluent Tests 

« 

In internal-combustion engines the 
lubricating oil tends to become contaminated 
with the fuel oil and dilution of the lubricant 
lakes place. The sample is tested by distillation 
so as to separate the mixture into its con- 
stituents. 

Mechanical Testing 

Numerous researches have been carried 
out on lubrication of bearings by many 
investigators. Many machines have been 
designed to determine the co-efficient of 
friction of an oil between a journal and a 
bearing, but many of these have been dis- 
carded, as they were only suitable for a 
relatively small range of operating conditions. 
The development of special gears, such as the 
hypoid in the automobile industry, have 



created problems jn the lubrication field due Fig. i 2 .--THEGR 4 PFiN-SunoNBOMB 
to the high tooth pressures involved. calorimeter 

A variety of testing machines have been {Griffin & Tatlocky Ltd.) 

introduced to measure the strength of the 

lubricating film. Among these is the four-ball Extreme Pressure Lubricant 
Tester. This machine consists of three balls half an inch in diameter, fixed in an 


oil cup. A fourth ball, held in a vertical spindle which revolves at 1,450-1,500 


I'.p.m., is brought into*contact with the three stationary balls. The amount of 
vertical pressure between the balls is adjustable, and the torque transmitted by 
the friction between the rotating ball and the three stationary balls is recorded 
on a chart. Different lubricants produce their own characteristic friction-time 
chart. The extreme pressure on the surface of the balls wears scars which are 
later measured under a microscope. 
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CalorWc Value 

In the case of fuel oils, the calorific value or the amount of heat which is 
produced by the combustion of the oil must be known. This calorific value is 
expressed in British Thermal Units (B.Th.U.) or Centigrade Heat Units (C.H.U.) 
per pound. The method of testing calorific value is to burn a weighed quantity of 
oil in a vessel called a calorimeter, the heat generated being absorbed by water 
surrounding the vessel. The rise in temperature of the water is measured by 
means of a very sensitive thermometer, and as the quantity of water is known, 
the heat generated by the combustion of the fuel may be calculated. A number 
of types of calorimeters are available, but the bomb type is used for accurate 
determination. 

Fig. 12 illustrates a bomb calorimeter which consists of a thick- walled steel 
vessel with gaslight joints at D and D'. A small quantity of fuel oil is weighed in 
the crucible E, and a short length of fuse wire W is fixed to a pair of terminals 
so that the wire touches the fuel. The bomb is assembled and filled with oxygen 
through the valve J to a pressure of about 30 atmospheres. The bomb is then 
immersed in a weighed quantity of water in a surrounding vessel which carries 
a sensitive thermometer also immersed in the water. The fuel is then ignited by 
passing an electric current through the fuse wire, and combustion of the fuel 
with the oxygen takes place inside the bomb. The heat generated is communi- 
cated through the walls of the bomb to the surrounding water, which therefore 
rises in temperature. Allowance must be made in the calculation for the water 
equivalent of the apparatus and for any loss of heat from the water jacket. The 
calorific value is calculated from 

^ « CV=Wx- 

where - w 

CF is a calorific value of the fuel in B.Th.U. s per pound. 

W is the weight of water in pounds, including the water equivalent of the 
apparatus. 

t is the temperature rise of the water in 

w is the weight of fuel burned in pounds. 

Anyone intending to carry out oil tests on any scale sljould consult the 
relevant British Standard Specifications, and the publication of the Institute of 
Petroleum entitled Standard Methods for Testing Petroleum and its Products. 

Illustrations have kindly been supplied by Messrs. Grifl&n & Tatlock, Ltd., 
and A. Gallenkamp & Co., Ltd. 


R. S. 



PULVERISED-COAL FIRING 

T he system of firing certain types of boilers, such as water-tube boilers, 
and also metallurgical, forge, and other furnaces by means of pulverised 
coal has now been proved successful. 

In this system, the coal is reduced to powder form and blown into a com- 
bustion chamber by a current of hot air. A further supply of air is blown in 
separately to ensure perfect combustion o&the fuel. 

Advantages of Pulverised-fuel Firing 

Pulverised-fuel firing is not by any means new, although it is only within 
the last twenty years that it has been developed on a large scale. The advantages 
due to the use of pulverised fuel are : 

(1) Higher furnace temperatures, owing to low excess air and good com- 
bustion conditions. 

(2) Flexibility of the plant in operation, so that the fuel supply can be 
immediately, and, if required, automatically adjusted to the load, while still 
maintaining a high thermal efficienc) . 

(3) Rapidity in raising steam compared with mechanical or hand-fired coal 
furnaces. 

(4) Elimination of stand-by losses. 

(5) Reduced overall maintenance costs. 

(6) Reduction in floor area for a given output. 

(7) Improved labour conditions. 

When Pulverised Fuel is Used 

The use of pulverised fuel as an alternative method of firing steam boilers 
is largely governed by the applaisal of a number of factors, such as, size of 
boiler and type of load, steam cycle employed, local conditions. 

(1) When the capacity of a boiler is of the order of, say, 200,000 lb. of steam 
per hour, involving the burning of coal at the rate of 25,000 lb. per hour, a very 
large mechanical stbker would be necessary, so much so that, in the opinion of 
many engineers, it would be far too unwieldy. 

(2) In power-station practice, regenerative feed heating is increasingly made 
use of, which has the advantage of reducing condenser sizes and condensate loss. 
This results in the feed water to the boilers being practically at saturation 
temperature, with the result that convection-heating surface in the boilers or 
economisers is reduced to a minimum. To reduce the temperature of the pro- 
ducts of combustion to a reasonable stack temperature, a large air heater must 
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Fig. 1. — Application of the unit system of pulverised-coal firing io a Simon-Carves 

TWIN-FLOW COLD-IEED BOILER < 


be installed, with the result that the air for combustion is preheated to a high 
figure, of the order of 500° F. The use of stokers imposes a limit to preheated 
air temperature, usually taken as being 300-350° F., which does not apply with 
pulverised coal or oil. 

(3) Local conditions, which have to be considered, may be numerous, or not. 
With many plants it frequently happens that the cheapest fuel available is dust. 
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which can only be fired in suspension. Alternatively, the coal may be unsuitable 
for stoker firing, either because its ash content may be too low, or its behaviour 
during the process of combustion is unsuitable. 

Systems 

In pulverised-coal firing a stream of finely divided dry coal, intimately asso- 
ciated with primary and secondary air, is projected into the furnace, where it 
ignites and burns in the same manner as atomised oil. Two systems are in use: 
the “Unit” system, in which coal is delivered and stored in a bunker, either 
direct or after a preliminary crushing, whence it is fed as required to a pulveriser 
which reduces it to combustion conditions, and the “Central” or storage system, 
where fuel is taken from a supply or main junker to a drier where free moisture 
is extracted, and then to one or more pulverisers where it is reduced and then 
withdrawn to a pulverised fuel bunker for use as required. A combination of the 
two systems has been adopted in which each boiler has its own pulveriser, but 
a storage bin is provided for the pulverised fuel. This allows the pulverisers to 
work at the most economical load and not according to combustion conditions, 
and has the advantage of obtaining preheatea air from the furnace, whilst the 
mill circuit can be vented back into the co»nbustion chamber. A line drawing 
showing the application of the Unit system is given in Fig. 1, and a typical semi- 
direct installation will be seen in Fig. 2. 

The Fuel 

Practically any grade of coal can be effectively pulverised and efficiently 
consumed. Excessive ash and free moisture are both undesirable, as the former 
must be intercepted before reaching the chimney and the latter may have to be 
removed by drying. 

In the case of the Central system the coal must be dried to less than about 
3 per cent, moisture before pulverising and storing, otherwise there is a possibil- 
ity of heating and spontaneous combustion in the storage bins, as well as the 
failure of the pulverised fuel to flow in outlet pipes and enutes. 

With the Unil system a larger margin of water content will simply increase 
the power and cost of pulverising. 

Ash 

Coals with very high ash content can be used in pulverised form. Fuel 
containing 45 per cent, ash, formerly dumped as unburnable, has been pulver- 
ised and consumed, hut, obviously, the higher the ash content, the greater will 
be the wastage of the wearing parts of the pulveriser. In some cases the cost of 
renewal of worn parts is outweighed by the greater saving in cost of fuel, 
particularly if it is available at a low price at the site and does not involve heavy 
transport cost. High ash content entails greater cost, owing to removal of ash, 
and may also cause erosion or wastage of combustion-chamber brickwork. 
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Fig. 2. — A typical semi-direct installation of Messrs. Babcock & Wilcox Ltd. 

Fineness of Grinding 

Theoretically, the nearer the fuel approaches the gaseous state, the more 
intimate the mixture of air and fuel and the more rapid the combustion. In 
practice a uniform size based on actual experience with a’ particular grade of 
fuel is all that is required. Average good-quality bituminous coal is reduced to 
about -90 per cent, through 100 mesh and 85 per cent, through 200 mesh. Coal 
with low volatile content, such as anthracite and hard steam, requires finer and 
more uniform grinding than bituminous. 

For cylindrical boilers the best results have been obtained with a high-grade 
bituminous coal having a calorific value of 13,000 B.Th.U.s or higher and a 
volatile content of about 25 per cent. The guarantee given with bulk suppllies is 
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in accordance with the following specification : calorific value, not less than 
14,000 B.Th.U.s; volatile content, not less than 30 per cent.; moisture as 
delivered, not exceeding 3 per cent. ; ash content, not exceeding 4 per cent. ; 
fineness, 98 per cent, through 100-mesh, 85 per cent, through 200-mesh B.S. 
sieve. 

The purchase of bulk supplies appears to offer the best opportunity to the 
small consumer contemplating pulverised-fuel firing, not so much on account of 
difficulties in pulverising, as because of the need for an air drier to supply 
hot air for drying purposes, and a standby plant in case of overhaul and 
repair. 

Ash Elimination 

The greatest disadvantage and most difficult problem in connection with 
pulverised-fuel firing in cylindrical boilers is the elimination of ash deposits, and 
this is the main reason why the number of industrial boilers of this type equipped 
for pulverised fuel is still comparatively small. 

A 30-ft. Lancashire boiler will consume about 40 tons of coal per week, and 
if the ash content is only 5 per cent., then 2 tons of ash must either be deposited 
in the flues or pass up the chimney. Unless steps are taken periodically to clear 
the flues, the evaporative power of the boiler will be seriously reduced. Not 
only must the ash be eliminated, but it must, in most cases, be prevented from 
passing up the chimney. 

A satisfactory and efficient method has been evolved for dealing with ash 
deposits, and consists of a series of nozzles situated in the furnaces and flues. 
The first ash blowers are placed in the burners, the second some 14 ft. in the 
furnace flues, and subsequent nozzles are arranged in the centre and side flues. 
The operation of the blowers in proper sequence is obtained by means of a 
manifold valve, which sets each series of blowers in operation so that the ash 
from the first series is taken up by the second, and so on until the ash reaches 
and is discharged into a collecting chamber. During the blowing period the 
main flue dampers are closed, and the dampers leading to the collecting chamber 
are opened. When the ash is being blown into the chamber, a number of 
water-spray nozzles are brought into operation, and the ash is separated from 
the flue gases and deposited upon the floor of the chamber, and is washed 
away by the water from the spray nozzles to a sump adjoining the ash 
chamber. 

A considerable amount of steam must be used in ash blowing, and figures 
do not appear to bfe available showing the amount, or its equivalent, and upon 
this the value of pulverised-fuel firing for small industrial units mainly 
depends. 

Conveying the Fuel 

Dry pulverised fuel can be transported without difficulty by air pressure, 
screw and worm conveyors, and pumps. It can also be conveyed pneumatically 
through flexible tubes horizontally, vertically, and round easy bends. 

E.W.P.IV— II* 
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THE SIMON-CARVES PULVERISER* 

Type of Mill 

The Simon-Carves hammer mill is of the horizontal-axis swinging-hammer 
type (see Fig. 3). The mill body comprises a heavy cast-iron cylindrical 
casing fitted internally with wear-resisting cast-iron liners — in sections for easy 
replacement — which are attached to the casing by means of setscrews. A steel 
shaft, which runs in roller bearings, carries a series of manganese steel hammers 
by means of different-sized hubs on the shaft. The swinging hammers are hinged 
to the hubs. On the same shaft is mounted externally to the mill a fan which 
draws a stream of air through the mill to carry the pulverised coal particles 
away when sufficiently ground. The casing of the mill is provided with a catch- 
pocket for the ejection of pyrites andiother heavy foreign particles which might 
enter the mill with the coal. 

Feeders 

The coal from the overhead bunker is delivered into a small receiving 
hopper situated on top of the feeder, which consists of a rotating plate driven 
by a variable-speed A.C. motor. The coal, which falls on to the centre plate 
through an adjustable sleeve, is swept off into the mill inlet by means of an 
adjustable plough or knife. 

The control of the feed is normally performed by the variable-speed A.C. 
commutator motor. Adjustments can also be made by changing the height of 
the sleeve or the position of the plough. 


Classifier 

In order to prevent large particles of fuel reaching the burners, the mills are 
provided with a Simon-Carves static-type classifier. This consists of an inner 
and outer cone constructed of steel plate. The fuel and primary air enter at the 
side of the outer cone, the separation occurring at the periphery of the inner 
•cone. The oversize particles fall to the bottom of the separator and are returned 
to the mill through a rotary- sealing valve drh/en by a i-h.j). motor, which 
allows the coal particles to pass but which prevents the air from by-passing 
the mill. The classifier is on the suction side of the fan ; thus erosion of the 
fan impeller due to passing large particles is prevented. 

The degree of separation may be regulated by adjusting Che position of the 
inijer cone. By raising this cone the annular space for the passage of air and fuel 
is decreased, the air velocity is increased, and larger fuel particles are entrained 
and pass to the burner. The converse operation reduces the size of the particles, 
so that a ready means of adjusting for wear of the beaters is provided. 

Fixed magnetic separators can be arranged below the coal-feeding table 
or in the feed chute, which prevent any small tramp iron reaching the 
pulverisers. ^ 
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* 

Moisture in Fuel 

The moisture content of the raw fuel has a large effect on the output and the 
fineness of grinding in the mill. It is therefore advisable with high-moisture 
coals to have hot air available. By this means it is possible to handle coals 
having up to 20 per cent, moisture. The quantity of air required for the carrying 
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The control of the feed is normally performed by the variable-speed A.C. 
commutator motor. Adjustments can also be made by changing the height of 
the sleeve or the position of the plough. 


Classifier 

In order to prevent large particles of fuel reaching the burners, the mills are 
provided with a Simon-Carves static-type classifier. This consists of an inner 
and outer cone constructed of steel plate. The fuel and primary air enter at the 
side of the outer cone, the separation occurring at the periphery of the inner 
•cone. The oversize particles fall to the bottom of the separator and are returned 
to the mill through a rotary- sealing valve drh/en by a i-h.j). motor, which 
allows the coal particles to pass but which prevents the air from by-passing 
the mill. The classifier is on the suction side of the fan ; thus erosion of the 
fan impeller due to passing large particles is prevented. 

The degree of separation may be regulated by adjusting Che position of the 
inijer cone. By raising this cone the annular space for the passage of air and fuel 
is decreased, the air velocity is increased, and larger fuel particles are entrained 
and pass to the burner. The converse operation reduces the size of the particles, 
so that a ready means of adjusting for wear of the beaters is provided. 

Fixed magnetic separators can be arranged below the coal-feeding table 
or in the feed chute, which prevent any small tramp iron reaching the 
pulverisers. ^ 
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mass of coal consisting of superfines, fines, and coarse particles. The coal stream 
strikes the deflector plate B and is spread out in the form of a disc of coal-dust. 

The primary air fan, which draws through the suction pipe i), picks up the 
fine particles from the coal-dust, and the heavier and coarser particles fall down 
and return through the passages E to the beater chamber for further pulverisa- 
tion. The degree of fineness is controlled by the position of the deflector plate, 
and this position can be varied by means of the rods C. 

The separator is cone-shaped, with a short cylindrical section near the top, 
and it is at this point where the volume is greatest that effective separation takes 
place. The deflector can be raised or lowered until the point is reached where 
the desired fineness is obtained, and this is usually where the upward pull of the 
primary fan through D is balanced by the downward pull of the beater disc 
through the return passages E. $ 

Pulverising Chamber 

The pulverising chamber is made of semi-steel, and is lined throughout with 
renewable hard-steel liners. These liners are interchangeable where possible, and 
of such a size that they can be easily handle 1 

The pulverising disc is made of mild steel, and is secured on the main shaft 
by driving pins and locked by a nut. The door of the chamber is kept shut by 
hinged bolts, and provided with wing nuts so as to ensure rapid examination. 

Motor Drive 

The driving motor may be of the pipe- ventilated or totally enclosed type 
and suitable for cither A.C. or D.C. 

^ D 

THE KENNEDY PULVERISER 

The pulveriser^ shown in Fig. 6 is an 
impact ball mill of slow speed. It is con- 
structed in various diameters from 24 in. to 
96 in. and in lengths desired for producing a 
given tonnage. TJhe heads of these mills have 
trunnions cast integral. A sfeel shell with 
flanges on eUher end is bolted to the hetds, 
and corrugated liners are keyed to the in- 
side, with the worm drive mounted on the 
discharge end trunniofi. The barrel of the 
mill is charged with forged-steel balls, 
the balls being supplied through the feed 
end while the mill is in operation. The 
wormgear is mounted on a flange cast 
integral with the trunnion and the worm is 
mounted in roller bearings and is directly 
connected to a motor mounted on the 
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6.— Cross-section of a Kennedy pulveriser 
{Sheepbridge Engineering, Ltd.) 


same bed plate as the mill bearings, thus making a self-contained unit. 

Material is fed into the mill in desired quantities by a disc feeder, usually 
driven by a variable-speed motor. The mill is rotated at a speed which causes 
the balls to be carried round by centrifugal force to a point where they are 
thrown down on to the material to be ground. 

The cost of maintenance when crushing bituminous coal is normally about 
8c/. per ton, and when crushing anthracite about 1^. 2d. per ton. 

The mill has no mechanical discharge, but depends upon air passing through 
to float out the fine particles. The fan connected to the discharge-end trunnion, 
driven by a variable-speed motor, draws air through the mill. The amount of 
air, and thus the velocity, may be varied by the fan speed and also by the inlet 
and outlet dampers ; thus only the impalpable powder is removed by the mill. 

THE ATRIt5r pulveriser 

The coal, which should be limited in size to |-in. cubes, is fed into the hopper 
on the machine and descends on to a horizontal rotating disc. The spreading 
of the coal is controlled by a sleeve, which is adjustable for height, and the feed 
of the coal to the machine is regulated by a knife, which scrapes the coal off the 
disc. The position of the knife is controlled by handwheel. 

The feeder is designed to obtain fine regulation of the coal, and is capable of 
dealing with any normal coal containing up to 15 per cent, moisture content. 
From the feeder the coal descends to the separator, where metals and foreign 
substances heavier than coal are rejected. 
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Passing from the metal separator, the raw coal enters the pulverising com- 
partment at the centre, where it is subjected to the disintegrating effect caused 
by a number of hammers which beat the incoming coal against the liner ring 
that surrounds them. 

After this treatment the coal is much reduced in size and can be carried over 
the periphery of the rotor into the attrition zone by the conveying air. In this 
zone the movement of the particles is most complex. They are carried inward 
to the centre and outward again to the periphery and back again until the 
particles are reduced in size and mass. This turbulence is created by a series 
of impellers mounted on the rotor, which set up eddies and vortices that rub 
the coal particles together. Fixed pegs or interrupters facilitate and accelerate 
the creation of these vortices and also prevent the gyration of the coal-dust 
with the rotor. » 

When the coal particles have become superfine, they are gradually drawn 
out towards the 
centre and inter- 
cepted by a device 
termed a rejector. 

This prevents any 
oversize particles 
being drawn by the 
fan from the pulver- 
ising zone and de- 
livered to the 
burner. 

The drying of 
the coal is effected 
by a supply of hot 
air or flue gases. 

The general con- 
struction of the 
pulveriser will be 
seen in Fig. ,7, 
which gives a sec- 
tion through the 
machine. 

The line-draw- 
ing, Fig. 8, shows 
the general layout 
of a Herbert-Brett * 
drop-forging fur- 
nace and waste-heat 
boiler equipped for 

pulverised-fuel Pig. 7.— Section through an Atritor pulveriser 

firing. {Alfred Herbert, Ltd) 
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Fig. 8.— An Atritor installation applied to a Herbert-Brett drop-forge furnact 


AND WASTE-HEAT BOILER 


THE BABCOCK & WILCOX TUBE MILL 

An outline diagram illustrating the maip features of the Babcock & Wilcox 
tube mill is given in Fig. 9. The fuel is introduced into the shell of the mill by 
means of a coal feeder, usually of the rotary table type. This is worm driven 
either by means of a chain from the mill drive or by an independent 2-h.p. motor. 
The shell into which the raw coal is fed is constructed of milcj-steel plate rolled 
to the form of a “tube” or cyhnder 6 ft. or mob in diameter, and of a suitable 
length to give the maximum commercial fineness of the product. 

The liners of the shell are constructed of chrome steel, which has hardness 
and abrasion resistance without a tendency to spread, and are of special. shape 
designed to induce agitation of the ball charge. 

The ball charge consists of a graded quantity of hard-steel balls in four sizes, 
apportioned to suit the size reduction of the coal to be pulverised. The actual 
pulverising is effected by this ball charge when the mill slowly rotates. The balls 
cascade with the entrained coal, which is thus subjected to both impact and 
abrasion on all sides. 

Around the outer circumference of the inlet end of the mill is a gear ring, by 
which the mill is driven. The pinion which engages with this girth gear is directly 
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According to the system of firing to be adopted, th^ product from the 
classifier passes to the collecting cyclone in the case of the storage and semi- 
direct system and immediately to the burner in the unit system. 

This type of mill is constructed in six standard sizes with normal capacities 
of 5-15 tons per hour. 

THE BABCOCK & WILCOX TYPE “E” PULVERISER 

The type “E” pulveriser consists essentially of two horizontal grinding 
rings, between which is arranged a row of balls. The coal is fed into the middle 
of the top ring, the pulverising action taking place as it finds its way, aided by 
centrifugal force, between the rotating balls, where it drops over the edge of the 
bottom ring into an upward current of hot air, which at this point has a com- 
paratively high velocity. Separatiori*is effected by the rotating classifier assisted 
by the drop in velocity of the coal and air in the upper portion of the pulveriser. 
The fines are carried on by the air to the burners, whilst the oversize particles 
are returned for further grinding. 

The automatic feeder control operates so that the output of material is 
governed by the quantity of air fed to the pulveriser and maintains the correct 
relation of coal to air over the entire operating range. At reduced outputs there 
will be a lower air velocity through the mill and, consequently, high fineness, 
which Is most desirable in order to maintain good furnace conditions, 
particularly when firing coal with a low volatile content. 

Owing to the absence of any considerable coal-storage capacity, the pulver- 
iser is extremely responsive, one test showing an increased and maintained steam 
flow from 100,000 lb. per hour to 276,000 lb. per hour in less than three minutes. 



Fig. 10.— Type ‘"E” mills installed at Meaford power-station 
{Babcock & Wilcox^ Ltd.) 
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Grinding Elements ^ 

The grinding 
elements (Fig. 12) 
consist of one row 
of forged-steel balls 
between the rotating 
bottom grinding ring 
and the stationary 
top grinding ring. 

The balls are pro- 
pelled by the rotating 
bottom grinding ring 
which is driven from 
the main driving 
shaft. Grinding pres- 
sure between the 
balls and rings is 
applied and kept 
uniform by steel 
springs in the top 
section arranged for 
independent external 
adjustment. 

Air Supply 

This is provided „ ,, „ 

. , r n.— E xifrnal view of mill, with access door removed 

a fan operating (Bchcock & Wilcox, ltd.) 

on the clean air side 

of the mill. It is possible, therefore, to utilise a high-efficiency fan, of steel- 
plate construction, as the impeller is not subjecled to erosion by coal particles 
as occurs when the fan is situated between the pulveriser and burners. 

Raw-coal Feeder * * 

The pulveriser is provided with a table feeder of the slow-speed rotating- 
disc type, designed to give a regular feed over the full range of operation. The 
rotating table and scraper gear are enclosed in a mild-steel housing and special 
provision is made in*the Construction of the driving mechanism to prevent the 
infiltration of coal dust. Operation of the rotating table is provided for by 
means of a two-speed motor. 

Automatic Feeder Controller 

The control system illustrated in Fig. 13 automatically maintains a con- 
stant ratio between the rate of air flow and the resistance to the flow of air 
through the pulveriser. Changes in the rate of coal fed to the burners are made 
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'by merely adjusting 
the damper in the 
hot-air pipe, and a 
uniform mixture of 
pulverised coal and 
air in the correct 
proportions for 
efficient combustion 
is always delivered 
to the burners. 

The mechanism 
of this control con- 
sists of two dia- 
phragms working 
in opposition to 
each other, one ac- 
tuated by the air- 
pressure differential 
across the orifice 
plate, measuring the 

air flow through the pulveriser, and the other actuated by the drop in air 
pressure through the pulveriser, which varies with the quantity of coal in the 
pulveriser. Any unbalanced relation between the two diaphragms changes the 
position of the contact points. 

The position of the contact points determines the speed of the feeder 
motor. 



Fig. 12.- 


-Grinding element of mill, showing PYRITIS IRA? 
DOOR {Babcock & Wilcox^ Ltd.) 


FURNACES AND BURNERS 

Three different designs of furnaces for pulverised-fuel firing in water-tube 
boilers are now recognised : 

(1) Flat-bottom furnaces with rake-out removal of the solid ash. 

(2) Hopper-bottom furnaces from which the ash is discharged, either in 
solid or in liquid form. 

(3) Slag-tap furnaces in which the ash is removed in liquid form only. 

Burners 

The Simon-Carves burner is shown in Fig. 14. It is mounted on the top of 
the combustion chamber, and consists of a rectangular fire-brick nozzle con- 
nected to a mixing chamber, designed to give a sharp change of direction from 
horizontal to vertical, and thus create turbulent conditions. 

Flat-flame Burner 

The flat-flame burner illustrated in Fig. 15 is used for billet heating and 
similar furnaces. The fuel is ejected from a flat nozzle into a chamber into which 
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Fig. 13. — Arrangemeni of Bailey automatic mill control 
{Babcock & Wilcox^ Ltd.) 


secondary air is induced by ejection action. The mixture of fuel and air is then 
passed through a further nozzle and into the furnace, tertiary air being added at 
this point from a forced-draught fan. 

Dispersive Burner 

The function of any burner is to mix the combustible so intimately with the 
air necessary for combustion that complete combustion is obtained with the 
nearest approach to Ae theoretical quantity of air. In practice there are so many 
varying conditions in industrial furnaces necessitating short flames at the highest 
possible temperature and extremely long flames with a medium temperature, 
that it is not possible to use the same type of burner for each application. 

Where maximum flame temperatures are required, the dispersive burner 
^hown in Fig. 16 has been developed. The primary air and fuel are delivered 
through the centre tube and the secondary air at 1 J-2 in. of water-gauge pressure 
•or the completion of combustion through the outer tube. When the primary 
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air and coal emerges, its direction is abruptly changed and its continuity broken, 
so that it is intimately associated with the surrounding or secondary air. 


The Woodeson Burner 

The primary object of this burner is intimately to mix the pulverised fuel 
and the air for combustion inside the burner before it is discharged into the 
combustion chamber and thereby ensure a steady and intense flame. 

There are two louvres for controlling the air entering the burner, the main 
air louvre A and the secondary air louvre B (Fig. 17). 

The main air flows through the burner in the same direction as the fuel 
and primary air, but the auxiliary air passes through the small tubes and pierces 
the fuel and air stream at right angles, thus causing intense turbulence and 
mixing of fuel and air. 

All the air and fuel is further mixed and given a rotary motion through 
the adjustable deflector C before leaving the burner. 

The length’ of the flame can be controlled by adjusting the main and auxili- 
ary air louvres. For instance, if a long flame is required,* the majority of the 
air should pass through the main air louvre, and if a short flame the greater 
pordon of the ajr should pass through the auxiliary air louvre, as this air, which 
enters at right angles, retards the flow through the burner. 

For lighting-up purposes an oil torch can be passed through the sight hole 
D until it projects in front of the burner. 

This design of burner (Fig. 17) is made in sizes firing from 30 lb. to tons per 

hour and has been fitted to industrial furnaces, water-lube boilers, cylindrical 
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marine boilers, and Lanca- 
shire boilers. 


The Lodi Burner _ 

In the burner shown in \ U 
Figs. 18 and 19, the coal and \ | i] 

primary air enter through \ vL 

the central pipe and are \ 

spread by the deflected vanes, i|P 

which impart a swirling i 

motion. The stream of ^ 

secondary air passes through " \ 

the annular space surround- \ ^ 

mg the pipe, and is caused to / 

meet the primary air and / t ^ J 

coal in such a manner as to / /f 

produce an intimate mixture / | 

at the burner tip and a short / 

flame of circular cross-section. 

A minimum of bare metal 
is exposed to direct radia- _ _ 

lion the only part being iSheepbndge Engineermg. Ud.) 

the deflector vanes, which 

are cooled by the incoming primary air. 

The secondary air for combustion may be induced, but preferably is supplied 
under pressure, and may be at atmospheric temperature or preheated. 

This type of 





burner is suitable for 
storage systems or 
direct-fired applica- 
tion, and is built 
in sizes up to 80 
million B.Th.U.s 
per hour liberating 




^ IQ. 1 6. — ^Water-cooled dispersive burner {Alfred Herbert^ Ltd.) 


The Calumet Burner 

This is a highly 
turbulent burner for 
firing through a 
water-cooled f u r - 
nace wall (Fig. 20), 
thus making possible 
a completely water- 
cooled furnace. 
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hiG. 17 — The Woodeson hurner 
{Clarke^ Chapman & Co., Ltd.) 


The coal-laden primary air is admitted through a long narrow vertical slot 
(Fig. 20), on either side of which are disposed at an angle the staggered secondary 
air ports. An intimate mixture of coal and air is obtained at the mouth of the 
burner, resulting in a short turbulent flame of rectangular cross-section, which 
enables full use to be made of the combustion space. 

The burner is completely water cooled by being tightly clamped to the 
water tubes, which allows burners to be shut down on partial boiler outputs 
without fear of damage from overheating. 



Interior view. Exterior view. 

Fig. 18 .— The Lodi burner installed on a Babcock & Wilcox water-tube boiler 
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The Calumet burner is manufac- 
tured by Babcock & Wilcox, Ltd., in 
sizes up to a heat-liberating capacity 
of 120 million B.Th.U.s per hour, and 
is therefore suitable for the largest 
units with either the storage or the 
direct-fired system. 

Lighting-up Arrangements 

Pulverised-fuel firing may be 
started by first providing a wood or 
coal fire at the bottom of the com- 
bustion chamber or with the aid of 
a paraffin or gas torch capable of 
igniting the stream of coal in 5-10 
seconds. The flame should then be- 
come stable in 30-40 seconds. 

On large installations a small motor-driven air compressor with cylin- 
drical receiver for fixing in 
a convenient position in the 
boiler-house is often pro- 
vided to operate paraflBn 
burners placed in the light- 
ing-up doors of the com- 
bustion chamber. The oil 
is siphoned from a portable 
drum, atomised, and pro- 
jected into the combustion 
chamber by means of the 
compressed air. A wire 
basket containing wool or 
tow soaked in paraffin is 
ignited in order to start the 
paraffin torches. 

If a rich mixture of 
pulverised fuel and air is 
used with a low air velocity, 
ignition should take place 
in a few seconds; but 
should this fail, the com- 
bustion chamber must be 
cleared of gases before 
a second attempt is made. 
A short stoppage in 



Fig. 20.— View from inside furnace showing Calu- 
met BURNERS during ERECTION, WATER-COOLED 
FRONT AND SIDE WALLS, AND HOPPER BOTTOM 



Fig. 19.— Section through Lodi burner 
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TESTING SOLID FUELS 

T he rising cost of fuel and labour has drawn attention to many aspects 
of economical fuel consumption that have hitherto been neglected even 
in fairly large concerns, and greatly increased consideration is now being 
given to problems affecting economic efficiency. Unfortunately, the thermal 
efficiency of fuel consumption and combustion can only be arrived at in a very 
roundabout manner, and this is probably tlfe reason why so many fuel-consum- 
ing plants are being run at a cost well above what could be reasonably expected. 

The most useful data upon which to assess the efficiency of fuel burning in 
steam-generating and other plants are the figures representing the calorific value 
of the fuel and the percentages of carbon dioxide and carbon monoxide in the 
waste gases. To obtain the former with great accuracy calls for considerable 
expert experience and expensive instruments, but extremely useful results can 
be obtained by any intelligent person sufficiently interested in the subject to 
give the matter a little time and consideration, and no matter whether the fuel 
consumer or the owner of a steam-generating plant adopts fuel and gas analysis 
or not, it is most desirable that he should be acquainted with the reasons for 
such analyses and the methods that can be adopted to obtain satisfactory and 
consistent results. 

Fuel and the Calorimeter 

The calorific value of a fuel is the quantity of heat a unit weight will give out 
when it is completely burnt and the products of combustion are cooled to the 
original temperature. This is usually expressed in British Thermal Units per 
pound, and may vary between 10,000 and 15,000 B.Th.U.s in the case of coal. 

To obtain the, calorific value, a calorimeter is used in which a prepared 
sample of the fuel is burned in a vessel containing water, and the comparison 
of the original and final temperatures of the water gives the calorific value. 
Many types of calorimeters are in use, one of the simplest and least expensive 
being the “Ronald Wild” bomb type illustrated in Fig. 1. This consists of a 
combustion chamber with a screwed cap suspended from a cover by a tube 
furnished with a valve. The water vessel is of plated copper, and is surrounded 
by an outer casing, the annular space between the two vessels forming an air 
jacket which prevents radiation and absorption. An agitating paddle is provided 
for working in the water space and is manipulated from the outside of the 
cover. A Fahrenheit thermometer graduated 40°~100° is provided, the scale 
being divided into tenths of a degree for easy reading to one-twentieth of a 
degree. 
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Fig. 1.— The “Ronald Wild” fuel calorimeter 


Operation of Calori- 
meter 

The operation of 
the calorimeter is as 
follows: the sample 
of coal to be tested 
is carefully ground 
to pass through a 
sixty-mesh sieve or 
smaller and dried in 
an air oven at about 
220° F. for one hour 
or until completely 
dry. Of the sample 
0-73 grm. is weighed, 
mixed with 12-14 grm . 
of sodium peroxide, 
and transferred to the 
combustion chamber 
and the cap firmly 
secured. Water equi- 
valent to 1,000 C.C., 
less the certified water 
value of the calori- 
meter, is poured into 
the water vessel. The 
combustion chamber 
is placed in the water 
vessel and the ther- 
mometer inserted in 
the hole in the cover. 
The paddle is then 
agitated and the tem- 
perature of the water 
taken. A small piece 
of red-hot nickel wire 


is dropped down the hole communicating with the combustion chamber 
and the ball valve closed. The paddle is kept in motion for four to five 


minutes, and the maximum temperature of the water taken. The difference 


between' the initial temperature and the final temperature multiplied by 
1,000 is the gross calorific value of the fuel in British Thermal Units per 


pound. 

Example , — Initial temperature, 51*5°; final temperature, 63-7°; then 
(63-7 - 51*5) X 1,000 = 12,200 B.Th.U. Evaporative power, 12,200 ^970-7 
= 12-5 lb. from and at 212° F. 
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Gross and Net Calorific Value 

The gross or higher calorific value of a fuel includes the heat evolved in the 
formation and condensation of steam from free and hygroscopic moisture and 
from the moisture formed by the combustion of hydrogen. In the calorimeter 
all the steam loses its latent heat and the moisture its sensible heat to the 
initial temperature of 60'" F. Higher calorific value is given as “dry” and “as 
received.” The latter is usually taken as the standard. 

Net or lower calorific value takes into account the free and hygroscopic 
moisture and also the moisture due to the combustion of hydrogen by sub- 
traction. A determination of net calorific value calls for an ultimate analysis of 
the fuel, although the hydrogen content is often based upon the percentage of 
volatile matter in the fuel, the latent heat being taken as 1,055 B.Th.U.s per 
pound. , 

Calorific Value of Solid Fuels 


Fuel 


Gross Calorific Value 
per lb. 


Fuel 


Gross Calorific Value 
per lb. 



Dry 

As received 


B.Th.U. 

B.Th.U. 

Straw 

6,000 

5,000 

Oak bark . 

6,000 

4;ooo 

Wood, dry 

8,000 

6,000 

Charcoal . 

13,000 

12,000 

Peat, air dried . 

9,000 

7,000 



Dry 

As received 


B.Th.U. 

B.Th.U. 

Coke 

12,800 

12,400 

Coke breeze 

11,000 

10,000 

Midlands coal 

12,600 

11,500 

Welsh smokeless . 

14,400 

14,200 

Anthracite . 

14,800 

14,600 


Analysis of Fuels. 

The combustion engineer who is responsible for the efficiency of steam- 
raising plant must see that certain tests arc made on the coal or other fuel which 
is being used. These tests are to determine: 

(a) The calorific value of the fuel. 

(b) The percentage of moisture. 

(c) The amount of volatile nfatter. 

{d) The percentage of fixed carbon. 

(tf) The percentage of ash. 

He should also from time to time carry out tests to determine the amount of 
heat which is being barried away in the fuel gases, and should also see that 
periodic tests are made on the fuel gases to ensure that the fuel is being burnt as 
completely as possibly Perfect combustion of bituminous coal will give a flue 
gas comparison showing about 1 8 per cent, carbon dioxide. 


Gas Testing 

In order to ascertain the loss of heat in the waste gases of combustion with 
great accuracy, it is necessary to know the composition of the fuel, the weight 
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of waste gases per pound of fuel, and the initial and hna^ temperatures. For 
most practical purposes the efhciency of combustion can be based upon the 
percentage of carbon dioxide in the gases and the final temperature. A simple 
formula for calculating heat losses is : 

(/ - 75) X 2-6 X (CO, + 0-75) 
where t is the final temperature. 

As an example, let the gas temperature be 500° F. and the CO, 7 per cent. 
Then (500 ~ 75) x 2-6 x (7 -h 0-75) = 21 per cent. loss. 

If the percentage of CO, can be raised from 7 to 12 per cent, by careful 
attention to air supply and combustion conditions, the heat loss becomes : 

(500 — 75) X 2-6 x (12 + 0-75) — J2-8 per cent., 
or a gain of 21 — 12*8 ^ 8-2 per cept. 

In practice, with the small plant, the percentage is seldom greater than 
12 per cent, and should not drop much below 10 per cent. The percentage of 
carbon monoxide can be ascertained by means of the Orsat apparatus, but it is 
usually neglected as unlikely to be present with normal CO, readings. 

The Orsat Gas-testing Apparatus 

The Orsat apparatus is simple in use and with constant practice gives the 
highest degree of accuracy. The price is so low that it brings it within reach of 
the small fuel consumer, and while it is not so convenient as the fully automatic 
indicator or recorder, it can be strongly recommended for use in plants where 
the much more expensive automatic apparatus would be difficult to justify. 

The complete apparatus can be obtained with two, three, or four absorption 
vessels, the type most frequently used being illustrated in Fig. 2. This is known 
as the “Orsat-Fischer,” and consists of a case with a sliding back and front and 
containing a stopcock tube with four stopcocks; a graduated burette with 
jacket; absorption U-tubes; rubber bellows; and absorption U-tubes with 
copper spirals for cuprous chloride solution. 

The measuring tube (A) contains from zero mark at the bottom to the 
upper capillary end exactly 100 c.c., but its graduation in J c.c. only extends to 
40 c.c. and ceases where the tube is enlarged. In order to protect the gas which 
is contained in this burette from the influences of the changes in temperature 
externally, the tube is surrounded by a water jacket, closed at the top and 
bottom by indiarubber stoppers, and provided with a white background of 
opaque glass upon which the black divisions of the burette are plainly visible. 
The bottom of the burette is connected by a rubber tube vi'ith a level bottle (B) 
filled two-thirds with water ; the top end is connected to a glass capillary (A) 
bent atjright angles and ending in a three-way cock. This tube is protected 
against breaking by a wooden frame, and carries at a right angle three taps 
h\ h", h"', each provided with a capillary tube and connected by indiarubber 
joints with the three U-shaped absorption vessels C', C", C"\ filled with bundles 
of glass tubes. The first of these is filled with a solution of caustic potash, the 
second with an alkaline solution of parogallol, the third with a concentrated 
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solution of cuf^rous 
chloride in hydrochloric 
acid. In order to keep 
this solution in an un- 
changed state, it is left 
in constant contact with 
copper spirals, intro- 
duced into the glass 
tubes with which the 
vessel C" is filled. 

The absorption 
vessels are filled with 
water shghtly more than 
half-way up, and this 
is drawn up to the 
mark made in the ca- 
pillary neck by opening 
the connecting tap and 
running off the water 
contained in the burette 
(A), for which pur- 
pose the levelling 
bottle (B) must be 
lowered. In order to 
protect the absorbing 
solutions against action 
of the air, the outer 



Fig. 2.— The “Orsat-Fischer” gas-testing apparatus 


ends of the vessels are closed by small balls of thin rubber. 


Manipulation 

To obtain a sample of gas a length of iron or copper tube is inserted into 
the fiue onhe boiler with the inlet end as near as possible in the centre of the 
gas flow, ms tube is then connected to the testing apparatus and a sample of 
the gas is drawn into the samplii^g tube either by means of a rubber bellows or 
a small hand-pump. The procedure is then as follows. Raise the level bottle 
( ), open the tap, and allow the burette (A) to fill with water up to the capillary 
V lowering the level bottle and turning the tap 

hrough 90 . Run off th« water a little below the zero mark and close the tap 
compress the gas by raising the level botUe till the water rises above zero 
squeeze the connecting rubber lube close to the joint, and then, after lowering 
the level bottle, allow the excess of water to run out to zero by cautiously 
oosening the rubber tube. Last of all, the tap is opened for an instant in order 
to produce a pressure equal to the atmosphere, whereupon exactly 100 c.c. of 
gas will be confined within the burette. 

Now the absorption begins, first that of the carbon dioxide by conveying 
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compress the gas by raising the level botUe till the water rises above zero 
squeeze the connecting rubber lube close to the joint, and then, after lowering 
the level bottle, allow the excess of water to run out to zero by cautiously 
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to produce a pressure equal to the atmosphere, whereupon exactly 100 c.c. of 
gas will be confined within the burette. 

Now the absorption begins, first that of the carbon dioxide by conveying 



THE TREATMENT OF WATER 
FOR BOILER PURPOSES 

M odern boiler practice will not tolerate hard water; the scale-forming 
elements must be removed by some form of water treatment or con- 
ditioning. It would be impossible to run a modern power-station 
steam generator for any length of^dme with untreated water without fear of 
overheating and collapse. Every engineer knows that boiler stoppages for 
scale removal are expensive, but with hard water they cannot be avoided. The 
type of treatment employed depends to a great extent upon the kind of impurity 
found in the water and the degree of hardness. 

It is well known that the quality of water varies in different parts of the 
country, and it should be obvious that no substance or combination of sub- 
stances could effectively counteract all the impurities to be found in water 
without previously knowing what they are or what proportion they represent. 
It is therefore an essential preliminary, in all cases where a water-treatment 
system is considered desirable, that an analysis of the water be obtained. When 
a public supply is under consideration, it is usually possible to obtain analyses 
from the local Medical Officer of Health or from the water company ; failing this, 
a sample can be sent to one of the public fuel- and water-testing laboratories, 
who will supply a detailed report for a small fee. 

Water Impurities 

Pure water is seldom found in Nature, and even rain-water may be con- 
taminated in its passage through the atmosphere. Rain, when it reaches the 
earth, invariably comes into contact with some form of mineral, gas, vegetable 
matter, or other impurities from which compounds may be formed and taken 
into solution. 

For industrial purposes the most prevalent and important impurities found 
in water are. the carbonates of lime and magnesium and the more stable 
sulphates of lime and magnesium. Water may also contain chlorates and nit- 
rates, as well as carbon dioxide, oxygen, grease, and insoluble matter. 


Definition of Hardness 

Water is said to be “hard” when it is difficult to produce a lather with soap, 
and “soft” when a lather can be easily and quickly obtained. What is termed 
“temporary hardness” is due to the presence of carbonates of lime and mag- 
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nesium held in solution by carbonic acid and which precipitates at a temperature 
of 212° F. or less. . 

“Permanent hardness” is understood to be that part of the hardness which 
cannot be removed by boiling at atmospheric pressure, and is mainly due to 
the presence of sulphates of lime and magnesium and less commonly to 
chlorides and nitrates. “Total hardness” is the sum of the temporary •and 
permanent hardness. 

Degrees of Hardness 

Hardness is most frequently expressed in terms of degrees per gallon, 
r being equivalent to the hardness imparted to the water by the presence of 
1 grain of calcium carbonate per gallon. Hardness can also be expressed in 
terms of parts of calcium carbonate per 100^,000. 

One gallon of water at 62° F. weighs 10 lb. or 70,000 grains, so that the 
relationship between the two systems can be given as : degrees of hardness 
X 10 -f- 7 = parts of calcium carbonate per 100,000. 

The following will give some idea of the weight of solids that would 
accumulate in a boiler if fed with untreated water containing 15° hardness 
and evaporating 5,000 gallons of water per hour for seventy-two hours. Then 
5,000 X 15 X 72 -h 70,000 = 77* lb. This, ot course, would not occur in 
practice, as, apart from any question of water treatment, a proportion of the 
feed would consist of condensate and periodical blow-down would remove a 
large part of the precipitate. 

Testing for Hardness 

For this purpose a standard soap solution is used of a strength which 
corresponds to N/50 acid, that is each cubic centimetre (c.c.) of soap solution 
is equivalent to 0*001 grm. of carbonate of lime. This means that when 70 c.c. 
of water are used for testing, each cubic centimetre of soap solution represents 
r of hardness per gallon. 

Total Hardness • 

t 

To determine the total hardness of a water sample, measure out 70 c.c. in 
a stoppered bottle and about 25 c.c. of soap solution in a burette. Add the soap 
solution 1 c.c. at a time, and shake the bottle vigorously after each cubic 
centimetre is added.. Continue until a lather lasting five minutes has been 
obtained. The number of cubic centimetres of soap solution minus 1 will give 

the total hardness of the water in grains per gallon. 

* 

Temporary and Permanent Hardness 

To determine the temporary hardness, 70 c.c. of water are measured into 
a flask and 4 drops of methyl-orange indicator added. Run in nitric acid (N/50) 
until the pale straw colour turns pink. With care this can be obtained to within 
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Fig. 1.— a Permutit fully automatic water-softening plant, wmcH treats 4,000,000 
OAI.LONS DAILY {Permutit Co., Ltd.) 


1 drop of acid. The number of cubic centimetres of acid will give the temporary 
hardness in degrees per gallon. 

The permanent hardness is the total hardness minus the temporary hardness. 


Alkalinity 

The determination of the hardness of softened water is not by itself a proof 
of satisfactory treatment. A hardness of, say, 5° after treatment may mean 
that the water has been reduced to that figure and more reagent is required, or 
it can mean that an excess of reagent has been used and the water rehardened 
to 5°. To ascertain whether water has been correctly treated it is necessary to 
test for alkalinity. 

To test for alkalinity, measure out 70 c.c. of the treated ‘water and add 4 drops 
of purple indicator. Run in standard acid N/50 until the purple Colour changes 
to blue, and note number of cubic centimetres required. Continue the addition 
until the blue turns through green to a permanent yellow, and note total 
number of cubic centimetres used. The number of cubic centimetres of acid 
required to obtain the blue colour gives the caustic alkalinity plus half the 

S nity due to carbonate of soda, whereas the final figures give the total 
nity due to ail the caustic plus all the carbonate; if, therefore, the final 
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Fig. 2.— Diagram showing weight of reagent per 1,000 gallons of fefj> water to 

BE softened 


figure is less than twice the first figure, there is both caustic and carbonate 
present in the water and the water has been correctly treated. 

Water Treatment 

It is safe to say that all water-tube and smoke-tube boilers should be fed 
with water containing not more than 2°-4° of total hardness. In effect this 
means that the great majority of such plants should be equipped with a water- 
softening system. 

In the case of Lancashire, Cornish, and vertical boilers, it is not always a 
simple matter to decide whether a satisfactory external water-softening plant 
could be justified. While' the deleterious and wasteful effect of scale is frequently 
exaggerated, the fact remains that better heat conductivity will be obtained 
with clean heating surfaces than would be the case with surfaces coated with 
scale, and the thermal efl&ciency must therefore be higher. A great deal depends 
upon the proportion of make-up feed. In some factories a considerable amount 
of steam is used in process work, and the make-up feed represents a large 
proportion of the total feed water, while in others, where exhaust-steam feed 
heaters are installed, the amount of make-up feed may be small. 
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OAI.LONS DAILY {Permutit Co., Ltd.) 


1 drop of acid. The number of cubic centimetres of acid will give the temporary 
hardness in degrees per gallon. 

The permanent hardness is the total hardness minus the temporary hardness. 


Alkalinity 

The determination of the hardness of softened water is not by itself a proof 
of satisfactory treatment. A hardness of, say, 5° after treatment may mean 
that the water has been reduced to that figure and more reagent is required, or 
it can mean that an excess of reagent has been used and the water rehardened 
to 5°. To ascertain whether water has been correctly treated it is necessary to 
test for alkalinity. 

To test for alkalinity, measure out 70 c.c. of the treated ‘water and add 4 drops 
of purple indicator. Run in standard acid N/50 until the purple Colour changes 
to blue, and note number of cubic centimetres required. Continue the addition 
until the blue turns through green to a permanent yellow, and note total 
number of cubic centimetres used. The number of cubic centimetres of acid 
required to obtain the blue colour gives the caustic alkalinity plus half the 

S nity due to carbonate of soda, whereas the final figures give the total 
nity due to ail the caustic plus all the carbonate; if, therefore, the final 


TREATMENT OF WATER FOR BOILER PURPOSES 355 



phosphate, and trisodium phosphate ; each giving different boiler alkalinities 
under otherwise similar conditions. Sodium metaphosphate has certain advant- 
ages over the others, as it can be passed through most feed lines without the 
risk of premature deposition of calcium phosphate, and give^ lower boiler 
alkalinities. 

Since in phosphate treatment all the insoluble solids form a sludge, it is 
clearly undesirable to use this process for feed waters with a high hardness 
unless the blowdown is heavy enough to prevent sludge accumulations. 

Sodium metaphosphate can usually be added to the feed water on the 
suction side of the feed pump. The other two phosphates should be pumped 
direct into the 6oiler, unless* the feed water consists of condensate and 
evaporated make-up. 

Colloidal Treatment.— Colloids are minute insoluble particles obtained 
from substances such as starch, Unseed, oak, bark, and glue. When introduced 
into a boiler, the scalerforming salts become enveloped and absorbed in the 
colloid and precipitate as a non-adherent sludge. One particular system consists 
of permeating Unseed with steam under pressure and allowing the resulting 
emulsion to flow into the feed tank. About 1 lb. of Unseed is used for approxi- 
mately 1,200 gallons of water. When first introduced into a boiler this emulsion 
undoubtedly tends to lift old scale and disintegrate it. The formation of new 
scale is also prevented, provided periodical blowdown is practised. The control 
does not appear to be exact, and little appears to be known as to the connection 
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between the amount of colloid and the proportion and native of the impurities. 
As with other internal treatments, the amount of solids passing into the boiler 
is actually increased. 


WATER-SOFTENING SYSTEMS 
The Lime-soda Process 

A complete water softener with chemical mixing tank is illustrated in Fig. 3. 
This is manufactured by Messrs. Babcock & Wilcox, Ltd., and is entirely 
automatic. The water to be softened enters pipe K and passes into the automatic 
measuring apparatus, by which the chemical reagents are added in proportion 
to the quantity of water to be treated. The water alternately fills one of the two 
compartments of the receiver A, which, when full, tips over, emptying its 
contents into the softening compartment C, and at the same time bringing the 
other compartment of the receiver inder delivery pipe K. 

The container /), fixed on the side of the receiver, is filled with the chemical 
solutions. With each oscillation of the receiver A, a double-beat valve in the 
bottom of the container D is opened, permitting a measured quantity of the 
solution to pass into -compartment C, meeting the stream of hard water and 
becoming mixed with it. 

The delivery of the chemical valve can be adjusted to suit the particular 
water being treated, and a definite amount of solution is added at each oscilla- 
tion of ijhe receiver, each oscillation being caused by a definite quantity of 
water, irrespective of the speed at which the water enters. 

The reaction takes place in compartment C, where, if exhaust steam is avail- 
able, a heater is usually fixed. The water flowing in the direction indicated 
passes upwards through filters of wood wool, which is packed tightly between 
two rows of wooden bars, into the storage tank 0, The purified and softened 
water is drawn otf through the outlet at the bottom of the tank. 

The heavier precipitate is from time to time sludged ojPT through the cocks 
G at the bottom of the settling tank, while, by removing the top bars of the 
wood-wool filters, the filter medium can be taken out, cleansed, and replaced 
as required. 

Method of Determining the i^ount of Reagenf for Softening Feed Water 

The weight of reagent in pounds required for the treatment per 1,000 
gallons of water can be obtained from the diagram (Fig. 2). Each impurity 
generally encouijlered is represented by a diagonal line. The grains per gallon 
are found on the vertical scales, and the theoretical pounds of reagent on the 
horizontal scales. 

The following example illustrates the use of the diagrams : 

Analysis of Water 

Sulphate of lime 
Carbonate of lime 
Sulphate of magnesia 
Nitrate of magnesia . 

Chloride of magnesia 
Free carbonic acid 


27*05 grains per gallon. 
9*10 grains per gallon. 
6*81 grains per gallon. 
6*43 grains per gallon. 
4*03 grains per gallon. 
6*31 grains per gallon. 
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The reagents tQ be used are as follows : 

To treat carbonic acid . . . 1*64 lb. calcium hydrate. 

To treat sulphate of magnesia . . 0*65 lb. calcium hydrate. 

To treat nitrate of magnesia . . 0*50 lb. calcium hydrate. 

To treat chloride of magnesia . . 0*48 lb. calcium hydrate. 

Total 3*27 lb. calcium hydrate. 

To treat sulphate of lime . . . 3*00 lb. soda ash. 

To treat sulphate of magnesia 0*85 lb. soda ash. 

To treat nitrate of magnesia . 0*65 lb. soda ash. 

To treat chloride of magnesia . . 0*64 lb. soda ash. 

Total 5*14 lb. soda ash. 

By treating the water with 10 per cejjit. excess reagent over that given — 
that is, 3*27 -f 0*33 — 3*6 lb. of calcium hydrate, and 5*14 +^0*51 — * 5*65 lb. 
of soda ash — the hardness of the water would be reduced to approximately 
T with a soda alkalinity of 2". 

The Hot Lime-soda Process 

The hot lime-soda process is similar to the cold process in regard to the 
reagents used, but dilTers in that the reactions arc carried out as near boiling- 
point as possible. The plant is more compact, with smaller settling tanks, and 
the speed of the chemical reactions increases rapidly as the temperature rises. 
An excess of reagents is required in both the hot and cold processes, but with 
the former it is possible to reduce the hardness of the water to about 2*" per 
gallon with a smaller excess of lime and soda. 

When exhaust or waste steam is available for heating purposes and the 
water to be treated contains a large proportion of temporary hardness, the hot 
process is often the most economical system. 

Lime-Zeolite Process 

Preliminary treatment by lime, followed by base-exchange softening, may 
be adopted with waters high in bicarbonate hardness. This combination 
system is mainly used when water is required for both boiler feed and cooling 
purposes in engine jackets. All the water is first treated with lime, which removes 
the bulk of the bicarbonate hardness and reduces the total solids. The per- 
manent hardness is not reduced. The addition of a coagulant, such as sulphate of 
alumina, aids in settling the precipitates. The steam of pretreated water is then 
divided. One portion i« completely softened by passing it through the zeolite 
softener, and is used for boiler feed, and the other portion is then neutralised 
with sulphuric acid pntil only about 1 grain of temporary hardness per gallon 
remains, and this is used for cooling purposes. 

Base-exchange Process 

A fully automatic base-exchange softener is illustrated in Fig. 1. This 
represents a “Permutit” apparatus, which is completely self-regenerating, and 
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between the amount of colloid and the proportion and native of the impurities. 
As with other internal treatments, the amount of solids passing into the boiler 
is actually increased. 


WATER-SOFTENING SYSTEMS 
The Lime-soda Process 

A complete water softener with chemical mixing tank is illustrated in Fig. 3. 
This is manufactured by Messrs. Babcock & Wilcox, Ltd., and is entirely 
automatic. The water to be softened enters pipe K and passes into the automatic 
measuring apparatus, by which the chemical reagents are added in proportion 
to the quantity of water to be treated. The water alternately fills one of the two 
compartments of the receiver A, which, when full, tips over, emptying its 
contents into the softening compartment C, and at the same time bringing the 
other compartment of the receiver inder delivery pipe K. 

The container /), fixed on the side of the receiver, is filled with the chemical 
solutions. With each oscillation of the receiver A, a double-beat valve in the 
bottom of the container D is opened, permitting a measured quantity of the 
solution to pass into -compartment C, meeting the stream of hard water and 
becoming mixed with it. 

The delivery of the chemical valve can be adjusted to suit the particular 
water being treated, and a definite amount of solution is added at each oscilla- 
tion of ijhe receiver, each oscillation being caused by a definite quantity of 
water, irrespective of the speed at which the water enters. 

The reaction takes place in compartment C, where, if exhaust steam is avail- 
able, a heater is usually fixed. The water flowing in the direction indicated 
passes upwards through filters of wood wool, which is packed tightly between 
two rows of wooden bars, into the storage tank 0, The purified and softened 
water is drawn otf through the outlet at the bottom of the tank. 

The heavier precipitate is from time to time sludged ojPT through the cocks 
G at the bottom of the settling tank, while, by removing the top bars of the 
wood-wool filters, the filter medium can be taken out, cleansed, and replaced 
as required. 

Method of Determining the i^ount of Reagenf for Softening Feed Water 

The weight of reagent in pounds required for the treatment per 1,000 
gallons of water can be obtained from the diagram (Fig. 2). Each impurity 
generally encouijlered is represented by a diagonal line. The grains per gallon 
are found on the vertical scales, and the theoretical pounds of reagent on the 
horizontal scales. 

The following example illustrates the use of the diagrams : 

Analysis of Water 

Sulphate of lime 
Carbonate of lime 
Sulphate of magnesia 
Nitrate of magnesia . 

Chloride of magnesia 
Free carbonic acid 


27*05 grains per gallon. 
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Fig 5. - A i ypic al “Deminrolit” plant for producing the equivalent of distilled water 
BY ION EXCHANGE {Pcrmutit Co., Ltd.) 


The hydrogen-ion unit consists of a steel pressure tank with protective lining 
to contain the “Zeo-Karb,” a tank to contain the regenerating material, and a 
closed degasifier to scrub out the COo into which the bicarbonates have been 
transformed. The raw water flow is divided between this unit and a base- 
exchange water softener, the two being arranged to operate in parallel (Fig. 4). 
Simple automatic rate-of-flow controls maintain a constant ratio between the 
effluent flow rates so as to obtain the desired alkalinity in the final mixed 
effluent. 

In another method only the “Zeo-Karb” unit is employed, and its effluent 
is neutralised with any suitable alkali, such as caustic soda, soda ash, or sodium 
phosphate, by mearft of any appropriate alkali feed in the degasifier influent or 
effluent line. This arrangement is usually employed for treating waters in which 
the chloride and sulphate content is relatively low, where the total volume of 
water treatment is small, or where the alkali is very cheap. 

Another method, the “starvation treatment,” is particularly suitable for 
dealing with waters high in bicarbonates and low in sulphates, chlorides, and 
nitrates. It is based on the principle that if “Zeo-Karb” material is regenerated 
with both acid and salt, it operates partly by hydrogen and partly by sodium 
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exchange, and the^ plant consists of 
a “Zeo-Karb” unit fitted with a dual 
regenerating system. 

To provide demineralised water of 
a “distilled” quality suitable for high- 
pressure boiler feed, a “Deminrolit” 
plant may be used (Fig. 5). This 
process consists of two steps, the first 
of which is the use of a unit charged 
with “Zeo-Karb,” as already described, 
which converts all the salts of sodium, 
calcium, and magnesium into cor- 
responding acids. This acid effluent 
then flows through the second until 
charged with “Deacidite” material, 
which functions as an acid absorber. 
The mineral acids are there eliminated, 
and a water free from mineral salts 
and equivalent in purity to commercial 
distilled water is produced. 

Electrical Water Conditioning 

Electrical conditioning is simple 
and inexpensive, and is claimed to 
achieve complete freedom from cor- 
rosion troubles, although it does not, 
of course, produce water free from 
hardness. The process functions by means of light alternating current applied 
to electrodes housed in a container through which the water is directed (Fig. 
6). The water is broken up into fine streams, which pass closely over the 
electrodes at a given rate. This electrical force modifies the electronic charge 
on the molecules of the hardness salts in solution, with the result that the 
normal process of crystallisation is interfered with. Instead of the usual hard 
scale formation, the precipitate comes down as a fine sludge. 

Fig. 7 illustrates a section of the pipe unit of the “Aquastat” plant, which is 
inserted in the raw cold water line feeding the boiler. The water passing through 
the unit is subjected to electrical force supplied by a small control box, operated 
by battery or energised from A.C. mains. The unit consists of th6 outer casing 
and the inner electrode, which is concentric with and completely insulated from 
the casing. As will be seen, it has longitudinal slots milled throughout its 
length. It is to this electrode that the positive side of the electrical feed is 
applied, the negative going to the casing. The “Aquastat” automatically 
adjusts itself for variations in the flow of water. 



Fig. 6. — A 5,000-gallons-per-hour 
“Aquastat” unit (^Aquastat, Ltd.) 
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FlO. 7. — A SECTION OF THE 
PIPE UNIT OF THE “AQUA- 

stat” plant {Aquastaty 
Ltd) 



De-oiling 

Probably the most satisfactory method of dealing with emulsified oil in 
water is to use reagents that will entangle to coagulate the globules of oil in a 
precipitate that can afterwards be filtered^out. The process usually adopted is 
to add small aiid fixed quantities of sulphate of alumina and carbonate of soda 
to the water, the result of the interaction of the substances being a flocculent 
precipitate of aluminium hydroxide which retains the oil and is removed by 
filtration, and a small quantity of sulphate of soda which, together with a small 
excess of carbonate of soda, remains in solution in the de-oiled water. 

Mechanical oil separators will remove about 95 per cent, of the oil from 
exhaust steam, but oil globules in an emulsified state are microscopic in size 
and cannot be filtered out. 


Caustic Embrittlement 

Caustic embrittlement is indicated when minute cracks appear on the 
surface of boiler plates adjacent joints, seams, and rivet holes, below water- 
level. Plates attacked in this manner become brittle and the tensile strength is 
reduced. 

The primary cause is said to be excessive stress during construction, and the 
secondary cause, the action of highly concentrated alkaline water acting upon 
the crystalline structure of the stressed metal. While such processes as rolling, 
flanging, and riveting will set up stresses, the subsequent annealing treatment 
will relieve much of the stress. Lap-welded and other riveted joints, however, 
are always under stress to some extent, and unequal expansion and contraction 
take place in most boilers. It would appear that a properly constructed boiler 
would be free from embrittlement, whatever the condition of the feed, and, in 
fact, many thousands of boilers have given twenty years or more of useful life 
without the least sign of embrittlement. At the same time, however, several 
well-authenticated cas& of caustic embrittlement have actually occurred. 

Caustic soda is largely used in water-softening processes, and it is to this 
element in conjunction with stressed metal that intercrystalline cracking is 
attributed. Caustic soda has been used with all types of boilers for many years 
without ill-effects, and the most reasonable conclusion is that some other 
element is present in the water. Some waters, particularly from wells, contain 
a large number of impurities, and it is when such waters are treated with caustic 
soda that particular attention should be given to the possibility of embrittle- 
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ment. It is safe to say that any ordinary town drinking w»ter reduced to less 
than about 3° of total hardness per gallon can be used in any type of industrial 
boiler working at 150 lb. pressure per square inch or less, without fear of 
caustic embrittlement. 

To prevent caustic embrittlement, if it is suspected, sufficient sodium 
sulphate should be used in the water-treatment system to obtain a ratio of one 
of sulphate to one of carbonate, at the same time keeping the alkalinity of the 
boiler water below 50 grs. of caustic soda per gallon by periodical use of the 
blowdown. 

Corrosion 

Corrosion in boilers is mainly due to the presence of dissolved oxygen in 
water coming into contact with the exposed surface of bare metal. It may also 
be caused by vegetable or mineral acids in the water, possibly accelerated by 
electrolysis. 

The remedy is to expel the oxygen before it enters the boiler and to give the 
metal a protective bitumastic coating. 

De-aerating , — Heating the water to as near boiling-point as possible will 
cause most of the oxygen and gases to be expelled, provided they can escape 
freely and time is given for this purpose. Slaked lime in the proportion of 1 lb. 
of lime to 500 gallons of water will assist in eliminating carbon dioxide. 

Protective Coatings , — The success of this method depends upon an intimate 
association being obtained between the coating compound and perfectly clean 
metal. The metal should be well cleaned with a wire brush and graphite, or one 
of the special preservative paints should be well rubbed into the surface of the 
metal. 

Concentration and Blow-down 

Salts in solution and other impurities introduced into a boiler become 
concentrated as the water is evaporated. The safe limit of concentration 
depends upon the type of boiler, working pressure, rate of evaporation, and 
the composition of the feed water. The density of boiler water is ascertained by 
means of a specially designed hydrometer, ^nd concentrt*tion of solids is 
reduced by periodical or continuous blow-down. Boilers of the Lancashire, 
Cornish, and vertical types, steaming at pressures up to 250 lb. per square inch, 
can be safely worked until the total dissolved solids have reached 750 parts per 
100,000, while highly rated boilers, working at pressures Qf 500 lb. per square 
inch or more, should be limited to about 150 parts per 100,000. 


E. P. 



STEEL PIPES FOR 
STEAM, WATER, GAS, AND AIR 

S TEEL pipes may be divided into two types — welded and seamless. All 
pipes and fittings are made to conform to B.S. 534, 1934, and 1387, 1947, 
for water and gas pipes, and B.S. 806, 1942, in the case of steam pipes. 
Other sizes can, of course, be made to meet any special requirements. Various 
methods of manufacture are used: for welded pipes either the continuous- 
weld, roll lap-weld, or hydraulic lap-weld process is employed, and for seamless 
pipes either tfie push-bench, automatic, or Pilger process. Welded pipes for 
water and gas can also be made by the butt-welding method. 

WATER, GAS, AND AIR PIPES 

Protective Coatings 

Gas and water pipes are protected internally and also externally, when laid 
out of dctors. Internal protection for gas pipes usually consists of a coating of 
linseed oil, which is applied at the maker’s works ; but if the gas to be conveyed 
is undried, an anti-corrosive protection will be necessary as well. 

For water mains the application of bitumen lining is strongly recom- 
mended for the protection of the internal surface against corrosion. This 
applies even where it would seem that under present conditions the water 
would have no detrimental effect on ordinary coated pipes. 

Standard Bitumen Lining. — This lining is applied centrifugally to the 
pipes after they have been completely descaled and coated. 

Thick Bitumen Lining. — This lining is of slightly different composition to 
that mentioned above, but it is applied to the pipes in a similar manner. It is 
now only used ^or exceptional conditions. 

The types of external protection available for both water and gas pipes are 
as follows : 

Coating. — This is a bituminous composition applied at the manufacturer’s 
works, used for {Jipes laid above ground, or for pipes laid on ground where 
no corrosive action is likely to be experienced. It is usually considered that 
coating alone is nqt sufficient for buried mains. 

Security Wrapping. — This is applied in three stages. The pipes are first 
coated and then covered with hot bitumen about in. thick. Finally, a layer 
of dried and chemically treated hessian cloth, impregnated with bitumen, is 
wrapped round the pipes. This covering will withstand corrosion, and is used 
on pipes of less than 4 in. bore. 


363 
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Sheathing— This is a 
tough bitumen-asbestos 
compound applied in vary- 
ing thicknesses according to 
Fig. I.— Spigot and socket joints the size of pipe. It is suitable 

{Left) Ordinary joint. for pipes of 4-in. bore and 

(Rif^ht) Long-sleeve inserted joint. larger. 

For external protection 

of the pipe joints the following method may be used. Removable moulds 
are placed round the joint, and these should extend over the protective cover- 
ing on each side of the joint so that a continuous covering is ensured. A 
molten bituminous composition is then poured into the moulds and allowed 
to set. The moulds can then be remo^ved. 

Spigot and Socket Joints for Lead and Yarn 

There are two principal forms of spigot and socket joint on imlined pipes, 
the ordinary sleeveless joint and one with a sleeve, shown in Fig. 1. These are 
generally used on pipes which are laid underground. It is advisable not to use the 
sleeveless joints for pipes laid above ground unless special attention is paid to 
the anchoring of the joint. 

The sleeve type, in which both the sleeve and the spigot have a slight uniform 
taper, has the advantage that any exceptional stress to which the pipe may be 
subjected will not disturb the lead joint. When laid above ground it is usual, 
especially on the larger sizes, for the joints to be secured by bolts passed through 
lugs welded on the spigot and socket ends. 

For water mains, the maximum working pressure for these joints is usually 
restricted to about 350 lb. per square inch for sizes up to 12 in., and to about 
300 lb. per square inch for the larger sizes. 

Spigot and socket joints for lead and yarn can be used for water, gas, 
and air mains, although the modern tendency is to use welded joints for gas 
and air mains wherever possible. 

Welded Joints 

These are specially suitable for gas and air mains, and can be used on pipes 
laid above ground or underground. There are three types of joint: the simple 
butt- welded joint, for which pipes are supplied with plain or bevelled ends 




Fio. 2.— Butt-welded joint 


Fig. 3.— Spherical-welded joint 
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according to thickness; the slightly tapered spigot and socket joint, and one 
with a spherical spigot and socket. 

The tapered spigot and socket type of Joint is suitable for long, straight 
stretches, or where heavy bending stresses occur on the pipes and joints. The 
spherical joint can be used where there is frequent deviation in the pipeline, 
since angles of 5° can be obtained between adjacent pipes with this form of 
joint during laying. An angle of 5° is equivalent to laying pipes in 20-ft. or 25-ft. 
lengths at 80 yards or 100 yards radius respectively, or 1 in. per foot out of line. 


Victaulic Joints 

Victaulic joints (Fig. 4) can be used on pipes laid underground or above 
ground, and are suitable for water, gas, and air mains. In various forms these 
joints are suitable for working pressures from* below zero up to 1,500 lb. per 
square inch hydraulic. 

The joints are easy to assemble, and can be put together on steel pipes at very 
low cost. When assembled thqy arc automatically leak-tight, and any sub- 
sequent application of pressure or vacuum intensifies the seal. They allow a small 




Fig. 5, —Sections through housing and rings 
{Left) Before use. ^ Centre) Under Vacuum. (Right) Underpressure. 
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angular movement between adjacent pipes or a longitudi^jal movement of at 
least I in. If Victaulic joints are used throughout the pipeline, the longitudinal 
movement provides for expansion and contraction on pipes laid above ground 
and for subsidence in underground mains. 

The bolted housing is in two parts for sizes up to 14 in. and in four or more 

parts for the larger sizes. The toggle 
type of housing, in which no bolts 
are used, is specially suitable for 
temporary installations of mains 
requiring to be laid quickly. The 
parts of the housing are all hinged 
together, and when snapped round 
the joint are immediately locked by 
the toggle lever. 




Fig. 7.— Stewarts' loose-flange joint 



Fig. 8. — Albion loose-flange joint 



Fig. 9.— Williams’ loose-flange joints 


Johnson Coupling 

Standard Johnson couplings (Fig. 
6) are available in sizes up to 30 in . for 
pressures up to 800-ft. head, but, if 
required, couplings of larger size or 
for higher pressures can be obtained. 
It is designed for pipes with plain 
ends, and is made so as to give 
considerable angular flexibility. It is 
suitable for water, gas, and air mains, 
and where frequent rearrangement 
of the mains may be required. 

The joint consists of a centre 
sleeve and two end flanges, which 
hold two wedge-shaped packing 
rings in contact with the sleeve and 
pipe ends, enclosing and protecting 
them from datpage. The sleeve 
normally has a central rib, as shown 
in Fig. 6, which acts as a locating 
stop. Sleeves without this rib are 
suitable for use as a closing connec- 
tion, and also permit the removal of 
individual lengths without disturb- 
ance of the adjoining pipes. Special 
joint rings are supplied for use on 
gas mains. 

The joint is sufficiently flexible to 
permit pipes of 20-ft. or 25-ft. length 
being laid 24 in. or 30 in. but of 
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line, or at 65 yaj-ds or 80 yards 
respectively. At the same time nor- 
mal longitudinal movement of indi- 
vidual pipes can occur without 
leakage. In cases where the couplings 
are used throughout the main, provi- 
sion is made for the distortion and 
lengthening of the line caused 
by stresses and subsidence. 


Loose-flange Joints 

Three standard forms of 
loose-flange joints are shown 
in Figs. 7-9. These are known 


Fig. 10.— Vulcan joint 



Fig. 11.— Vulcan expansion joint 


as the Stewarts’, Albion, and 
Williams’ joints : they are specially adapted 
for use in mines and other cases where pipe- 
lines are laid underground. The joints are 
suitable for water, gas, and air mains. 

Joints in sizes up to 10 in. nominal bore 
are suitable for working pressures not 
exceeding 300 lb. per square inch for water 
and up to 1 50 lb. per square inch for air or 
gas. 

For pipelines laid on the surface, the 
Vulcan joint illustrated in Fig. 10 may be 
used. The joint is based on the stuffing-box 
principle, the parallel sides of the packing 
space preventing the packing being forced 
out past the gland. If the pipes are 
separately anchored, each joint will take up 
the expansion and contraction of its own 
length of pipe. Th*ey are suitable for working 
water pressures up to about 500 lb. per 
square inch. 

The Vulcan expansion joint (Fig. 11) is 
a modified version* of 4:he above. It can be 
used in conjunction with any rigid type of 
joint to provide for expansion and con- 
traction. 

Fixed-flange Joints 



Fig. 12. — Fiances welded on at 
back, with pipe ends expanded 

AT EACE 



Fig. 13.— Flanges welded on 

BACK AND FRONT 



Welded-on flanges can be used on 
any thickness of pipe. They are cheaper 


Fig. 14.— Flanges screwed and 
expanded on 
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and more reliable than riveted-on flanges, which are now seldom used except 
as loose flanges for fixing at the site where welding apparatus is not 
available. 

The screwed and expanded-on flange joint is usually adopted on pipe sizes 
of 6 in. and smaller, but can be used only on pipes thick enough to be screwed. 
Flanges are usually faced plain and drilled to the appropriate British Standard 
Specification. 

Special Fittings 

In addition to straight piping, there are many kinds of special fittings. 
These include bends, Ts, crosses, and branch pieces. Bends are manu- 
factured with angles up to 90®, ^hough the types most commonly used 
are those with angles of 11 22^®, 45®, and 90®. 

There are also a number of fittings which are peculiar to the Victaulic 
joints mentioned on page 365. The more common of these are the 
following : 

Adjustable Bend. — This consists of two special goose-necked setting 
pieces united by a standard Victauhe joint. The effect of the special shape of 
the setting pieces is that an alteration of the angle does not alter the plane in 
which the adjoining pipes lie. By swivelling the parts, any angle up to 45° can 
be obtained. 

Short Reducer. — The Victaulic short reducer is specially designed to 



Fig. 15.— Victaulic mTiNOS for grooved tubf^ 




STEEL PIPES FOR STEAM, WATER, GAS, AND AIR 369 



Fig. 16 .— Flange adaimer ior Fig. 17 — Sfewaris’ sleeve-welded 

Johnson couplings joint 


give a true nozzle flow, and consequently a negligible loss through friction 
while retaining the advantage of short length 

Flange Adapter Joint. — This joint is used in cases where a pipeline with 
Victualic joints joins another main having a different type of joint. It clips 
over the prepared end of the standard pipe, and is simply bolted on to the 
end flange of the other line. The joint is automatically sealed by a special 
ring. 

High-temperature Flange Joint.— The Victaulic standard joint should 
not be used on pipes where the temperature is likely to exceed 150® F. If 
temperatures above this point occur in a short portion of the line, e.g. between 
the compressor and the receiver on a compressed-air main, the high-temperature 
flange joint may be substituted for the ordinary joint. These joints clip on to the 
ends of the standard pipes without any further preparation, converting them 
into flanged pipes which can be bolted together in the usual way. 

Closer Joint. — This joint is designed to provide a liberal margin of error 
in the cutting of closing lengths. It should be noted that this is not an expansion 
joint, and that the^pipes it connects are not coupled absolutely so that anchorage 
may be necessary to prevent blowing out. 

Another fitting which deserves special mention is the flange adapter for 
Johnson couplings (Fig. 16). This is used in circumstances where a plain end 
pipeline with Johnson couplings has to be connected to a line with ends 
prepared for other forms of joints. Connectors with one end plain and the 
other end prepared to suit the particular joint can be used, but where 
the line to be connected is flanged, the flange adapter joint is preferable, 

STEAM PIPES 

Steel pipes for steam mains are divided into six classes. These are laid 
down in B.S. 806, 1942, as follows: 



Fig. 18.— Tnh Dawson joint 
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(a) Cold-drawn seam- 
less steel pipes. 

(h) Hot-finished seam- 
less steel pipes. 

(c) Hot-finished seam- 
less steel pipes. 

(cl) Hydraulic (water 
gas) lap-welded steel 
pipes. 

(c) Roll lap-weldcd 
steel pipes. 

(f) Continuous-weld 
steel pipes. 

It should be noted that 
classes (c), (c) and (f) arc 
suitable for pressures up to 
and including 300 lb. 
per square inch and tem- 
peratures up to and in- 
cluding 500° F. 

All pipes are thoroughly tested before leaving the manufacturer’s works. They 
are subjected to a tensile test, flattening test (for pipes up to and including 4^ in. 
outside diameter), cold bend test or expanding test. 



Dawson Joint 

This joint has been specially designed by Messrs. Stewarts and Lloyds, Ltd., 
to withstand high temperatures and pressures. It is an all-welded joint, in which 




the weld is built up between the pipe 
ends and carried down into the inter- 
nal nipple, forming an extremely rigid 
combination (Fig. 18). 

In erecting closer pipes with Dawson 
joints, it is usual to ,pull them up an 
amount equal to the cold allowance by 
expansion, and this provides sufficient 
space between adjacent tube ends to 
facilitate the insertion of the pipe over 
the sleeve. If desirable, further latitude 
may be obtained by leaving unwelded 
one or two joints farther along the main 
until the closer pipe is in place. 

Fio. 19.— Plain-faced flanges. 

Fig. 20. — Welded-on flange joint, 
TYPE “A** ' 
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Where pipes with Dawson 
joints connect to valves, it is 
necessary to provide on the valve 
end a projection similar to the 
pipe end. An internal thimble is 
provided as for ordinary pipe- 
to-pipe joints, and the connecting 
pipe, the valve end, and the 
thimble are welded together in 
the usual way. 



hlG. 21 . — Welded-on h.ange joint, 
TYPE “B” 


Welded Joints 

Fig. 17 shows the sleeve- 
welded joint, which is particularly 
suitable for lengthy steam mains. 
It has a slightly tapered spigot 
which is driven into the corre- 
spondingly tapered socket. This 
centres the pipes accurately and 
holds them in position during 
welding. 

The joint requires no main- 
tenance, and has the advantage 
of^ enabling the pipe insulation 
to be continuous. 

Flange Joints 

Flanges may be fixed to the 
pipes by welding, screwing, 
expanding or riveting, or by a 
combination of two or more of 
these methods. 

Plain, faced fla*nges (Fig. 19) 
are used for pressures up to 450 
lb. per square inch, and for higher 
pressures the British Standards 
Institution have 'standardised 
flanges with facing strips. These 
strips, which should be not more 
than ^ in. high, intensify the 
pressure of the flanges on the 
joint ring, and so help to keep 
the joint tight under high internal 
pressure. 



Fig. 22. — Wlldld-on flange joint, type “C” 



Fig. 23.— Welded-on flange joint, type “E” 
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Fig. 24.— Heavy screwed and expanded-on 

FLANGE JOINT 
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Welded-on Flange Joints 

There are three types of 
welded-on flange joints which 
may be used for high-pressure 
mains. These are shown in Figs. 
r^G. 25. — Parallel SCREWED SOCKET 20, 21, and 22, and cover all 

steam pressures and tempera- 
tures for which mild-steel pipes 
are suitable. The welding is done 
by the metallic arc process with 
covered electrodes. 

For low pressure the type of 
joint shown in Fig. 23 is used. It 
Fig. 26.— Taper screwed s(x:ket' is suitable for pressures up to and 

including 250 lb. per square inch 
at temperatures not exceeding TOO'’ F. Flanges with hubs or 
bosses may be used in sizes not exceeding 12 in. nominal 
bore. 

Screwed and Expanded -on Flanges 

These joints have been used for pressures up to 350 lb. 
per square inch and temperatures up to 750° F. on pipes up 
to 12-in. bore. However, it is now largely superseded on pipe 
sizes over 4-in. bore by welded-on flanges. 

When this type of joint is used, the precaution of welding at the back of the 
flange is sometimes recommended. This will give additional resistance against 
torsional stresses, but unless severe ones are likely, it will be sufficient to screw 
and expand on flanges without welding. The expanding is usually done at the 
manufacturer’s works, but the smaller-size tubes may be screwed and expanded 
at the site. 

Screwed and Socketed Joints 

o 

Foi small pipes the screwed and socketed joint is still popular. The tube ends 
are screwed with a taper thread to B.S. 21, 1938, while the sockets are either 
screwed parallel as in Fig, 25 or taper to correspond with the tube ends as in 
Fig. 26. The latter type is more expensive, but is suitable for more severe 
conditions. Long screws are not practicable for use with nigh-pressure steam, 
and socket unions must be employed instead. 

Closing or Template Pipes 

Template pipes should be chosen to be as few in number as possible, and 
for this reason bends are most suitable for selection as template pipes, since 
each bend provides adjustment on two stretches. In sending particulars of 



Fig. 27 — All-steel 

SOCKET UNION 
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template pipes to, the makers, there are two 
methods; these are: measurement and making 
templates. 

If templates are used, the following precau- 
tions should be taken : 

( 1 ) The temi^ates must be rigidly constructed . 

(2) Flange discs must be stout and firmly 
fixed. 

(3) After removing the flange bolts, the tem- 
plate should again be tried in place to check 
its accuracy before despatch. 

(4) If wood is used, it must be thoroughly 
seasoned, as any warping would render the 
template useless. 

(5) In making wooden templates, screws 
should be used, not driving nails. 

Damage and distortion during transit will 
make the template useless. Whilst the actual 
damage is usually obvious, there is often no 
reason to suspect the accuracy of a template 
until the template pipe proves a misfit. It 
is therefore desirable that particulars of tem- 
plate pipes should be given bv measure- 
ment. 



Fig. 28. —Standard expansion 

BEND 



Expansion Bends and Joints 


In order to provide for the expansion 
which occurs in a steam main, a sufiicient 
number of ordinary bends should be fitted 
to enable the whole main, or each portion 
into which it is divided by anchors, to 
take up all expansion and contraction by 
its own movement without the occurrence of 
excessive stresses. If a sufficient number of 
bends cannot be arranged, the expansion 
bend shown in Fig. 28 may be used. Special 
forms of these bftnda can be obtained for 
use in positions other than in straight runs, 
and for where space,.is limited. 

Sliding expansion joints of the stuffing-box 
type are used in similar stretches where space 
does not permit the use of expansion bends, but 
this type should not be employed for high- 
pressure steam mains. In certain cases bellows 


Figs. 29-31.— Reduced ends of 

PIPES 

{Top) Short cress. 

(Centre) Long taper. 

(Bottom) Eccentric reduction. 




Fig. Z2—(Top)y Welded-on 
branch piece 

Fig. 33 — Piece with reduced 
ends 
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Fig. 34. — Branch piece with triiorm 

REINFORCEMENT 


expansion joints can be employed for low- 
pressure work. When erecting an expansion 
joint, it will be necessary to spring it. Care 
should be taken to prevent any move- 
ment of the pipe at the anchors, as this 
would mean the loss of so much of the cold 
springing and consequently an increase 
in the stress imposed on the bend in the 
working condition if it still had to take 
up the same amount of expansion move- 
ment. 

Pipe anchors in certain positions are 
essential for the satisfactory working of all 
types of expansion bends or expansion 
joints, and even where neither of these 
is employed, anchors may be neces- 
sary to control the movement of the 
pipe. Guides to maintain alignment are 






Fio. 35.— Types of pipe anchors 
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Fig. 36 .— Types of pipe supports 


necessary for expansion joints, because any misalignment will probably cause 
the joint to jam. 

Reduced Ends of Pipes 

Three types of reduced ends of pipes are shown in Figs. 29-31. They are for 
use in circumstances where the bore of a main has to be reduced, e.g. where 
two sections of different diameters meet. 
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nal pressure, a reduced strength compared with that of a plain straight 
pipe of the same diameter and thickness. The amount of weakening depends 
largely on the size of the branch relative to the main pipe, and the angle between 
the branch and the main pipe. Where the branch and main pipes are the same 
diameter, the weakening must be taken into account, and in many other cases 
also it is advisable to give it consideration. Reinforcement may be obtained by 
one of two methods : the branch piece can be made thicker than the rest of the 
pipeline, or a metal collar or ring may be placed round, or near, the opening in 
the main pipe. It should be noted,' however, that the first method is not always 
suitable for fabricated branches. 

A special reinforcement shown in Fig. 34 has been designed by Messrs. 
Stewarts and Lloyds, Ltd. This reinforcement is designed primarily to strengthen 
the branch piece against internal pressure ^nd it will also increase its strength 
against external forces. It is suitable for use on branch pieces fabricated by 
welding, since, although it can be applied to castings either as a welded-on rein- 
forcement or as an integral part of the casting, these are usually more con- 
veniently reinforced by the provision of additional thickness. 

Drainage 

When steam pipes are installed, attentiOii should be paid to providing ample 
draining facilities for the condensed steam, because if the water is allowed to 
accumulate in the pipe, “water hammer” may result. 

Drain connections should be installed in the mains at points where there are 
valves of smaller diameter than the main, expansion bends in vertical planes, at the 
foot of each rising bend, and in similar positions. 

Supports for Steam Pipes 

Various types of supports are shown in Figs. 35-40. Supports should permit 
free movement of the pipe in any direction, thus allowing for expansion and 
contraction. Spring supports should be used on all pipes which may be subject 
to vertical movement in order to avoid excessive stresses that might be set up 
in the pipes if rigid supports were used. Special care should be taken in the 
selection of springs, for if these ^i»e too weak they will allow vibration to take 
place, whilst if they are too rigid they will not relieve the stresses in the pipeline. 
Spacing of the supports will largely depend on the structural features of the 
building in which they are being installed, but, as a general rule, supports 
should be placed at ijatervals of not more than 10 ft. for a J-in. pipe, the maxi- 
mum interval increasing with the size to 20 ft. for pipes of 6 in. bore or larger. 
In this connection it should be noted that the pipe joints should be placed as 
close to the support aS possible. 



380 INSTALLATION, OPERATION AND MAINTENANCL 

FORMULA RELATING TO WATER, GAS, AND STEAM PIPES 

The latest fonnute for water flow in pipes are given below: 


No. 

I 

II 


111 

IV 


Formula 
47 Z ®’ 
V= 40 

y 36 /«•«« Z-®' 
K,-= 30 Z-"^ 


Surface 

Smooth non-ferrous. 

Bare steel and wrought iron. 
Asbestos cement. 

Bitumen lined. 
Bitumen-coated steel. 
Concrete. 

Galvanised. 

Cast iron. 

Coated cast iron. 

It must be emphasised that these formula: apply to pipes in new condition 
and with water at normal temperatures. 

For the meaning of the symbols see page 381. 

Gas, Flow of, in Pipes 

HP,"- P./) 

V LU (</+ 1-714)’ 


High Pressure Q = 0-76 

I\-1SQ"-L 

V Pi* - P‘ 


L U 


+ 0-26. 

2 " 

L U 

Thickness of Pipes under Internal Pressure 


Low Pressure Q 




Type of Pipe 

C Low Tensile 
Weldless J 

IJligh Tensile 
Roll Lap-welded* 
Hydraulic Welded* 


Working Pressure 
if.o.s. = 4) 
lb. per sq. in. 


PD . 

‘ “ 24,306”' 

PD . 

‘ 35,100 

' ~ 21,870 


Test Pressure J 
lb. per sq. in. 


PD . 

' =^ 38 , 700 '"' 


PD 

55,800 

PD 

34,830 


in. 


m. 


38^00 + 


* These two formulae apply only for values of t not exceeding i in. 
t If U as calculated, is not less than 0*375 m., it must be increased by 0*016 in. 
j Maximum test pressure is 1,000 lb. per square inch unless a greater is specially arranged 



STEEL PIPES FOR STEAM, WATER, GAS, AND AIR 381 

Weight per Foot of Steel Pipes: 

w = 10*68148 (D - t)t 

A f caning of Symbols 
t =-= thickness of pipe, in inches. 

D ^ outside diameter of pipe, in inches. 
d == actual bore of pipe, in inches. 

L =- length of main, in foet. 
h friction head lost in main, in feet. 

V ^ velocity of flow, in feet per second. 
m hydraulic mean radius in inches. 

t//4 for a pipe running full. 
i ^ lijL ^ hydraulic gradient. ^ 

P = pressure, in pounds per square inch. 

Pij Po — - initial and final absolute pressures, in pounds per square inch. 

Pi^ P 2 , ~ initial and final absolute pressures, in inches of water. 

Q discharge of gas, in cubic feet per second at atmospheric pressure. 

U = specific gravity of gas relative to air. 


Expansion of Steam Pipes 

The coefficient of expansion of steel steam pipes is given by the formula : 
a = (6*3 4- 0*0017 T) x 10 «, 

where a — average coefficient of linear expansion per degree F. from 0"“ F. 
T == higher limit of temperature in degrees F. 


Hence the expansion (e) for a rise of temperature from °F. to Tg °F. is given 
by: 

e = 1^7-56 + 0 00204 (7^ + r,)J in. per foot. 

For example, for the range 60° F. to 600° F. we have : 


^ 600 - 60 , 

. ^ ' 100 , 000 . 

__ 540 X 8*9064 

100,000 

The following table gives the value of e for various temperatures, the lower 
being taken as 60° F’. throughout. 


(7-56 4- 0*00204 x 660) 

= 0*0481 in. per foot. 


Range of Temperature j 

^60- 

60”- 

60f- 

60°- 

60‘~ 

60”- 

60°- 

°F. 

250’ 1 

300” 

350” 

400” ' 

450” 

500” 

550” 

Expansion in inches per 
foot 

00156 

i 

00199 

0 0243 

00289 

00335 

0-0383 

00431 


E.W.P. IV— 13 
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Range of Temperature 

60"- 

60^- 

60"- 

1 1 

60"- , 

.. 1 

60"- 1 

60"- 

op 

600" 

650" 

700" 

750” i 

800" 1 

850" 

Expansion in inches per 


i 

1 


j 


foot 

00481 

00531 

; 0 0583 

0 0636 t 

1 

00689 

00744 


Flow of Steam in Pipes 

In determining the size of a steam main, the known factors are usually the 
quantity of steam to be conveyed, the initial pressure and temperature, and the 
length of the main. These are not sufficient definitely to fix the size of the pipe, 
as the permissible pressure drop or the velocity of flow must first be decided 
upon. These two factors are interdependent, and both are subject to limits 
which it is not wise to exceed. 

It is not possible to lay down any hard-and-fast rules on the subject of 
velocities of steam flow, as so much depends on the circumstances of each 
individual case. In addition to the velocities being limited by the permissible 
drop in pressure, there are certain maximum values which should not be 
exceeded. One of the chief limiting factors is the erosive action of the steam on 
the valve scats and other similarly exposed parts. The velocity of wet steam 
should therefore not be as high as that of superheated steam. 

The following values may be used as a guide : 

Ft. per sec. 

For exhaust steam .... 70-100 

For saturated steam .... 100-130 

For superheated steam ... 1 30-200 

If it is decided to use a definite velocity, the bore of the pipe may be deter- 
mined from the following formula : 



where d ^ bore of pipe in inches. 

W = weight of steam in pounds per minute. 

V — mean specific volume of steam in cubic feet per pound. 

V = steam velocity in feet per second. 

Where the pressure drop and not the velocity of the steam is fixed, the 
various factors are connected by the equation : 


87 


/ Fj - Pg 

aJ vL ^ d 3*6 


( 2 ), 


which gives the rate of flow directly. In this formula 
Pj = initial pressure in pounds per square inch. 

Pj = final pressure in pounds per square inch. 

L = equivalent length of pipe in feet. 
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The “equivalent* length” of the pipe is its actual length, plus an allowance 
sufficient to compensate for the additional friction of any fittings in the installa- 
tion as compared with straight pipe. 

If it is the permissible pressure drop (which is not usually permitted to exceed 
2 per cent, of the initial pressure per 100 feet of pipe) that is the determining 
factor, equation (2) can be written : 

Pi - P, = 0-000132 (3) 

Frequently, however, it is the bore of the pipe which is to be determined, 
when equation (2) can be rearranged as : 

W^vL 

“ 87MPi - Pa) ^ 

which can be written : 

d^- Md - M --0 (5) 

where 

^ “ 87^ (Pi - Pg) 


To determine the diameter of a steam pipe given the weight of steam in 
pounds per minute, the equivalent length of pipe in feet, and the initial and 
final pressures in pounds per square inch, the following approximate formula 
may be used. The value of M must first be found, using the equation above : 


d = 



2*88 + ^'M\ 

216 + ^/m) 


( 6 ) 


Although this formula is not strictly accurate, it will be found to give results 
which are accurate enough for all practical purposes, provided the bore of the 
pipe (d) is not less than 3 in. 
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where d ^ bore of pipe in inches. 

W = weight of steam in pounds per minute. 

V — mean specific volume of steam in cubic feet per pound. 

V = steam velocity in feet per second. 

Where the pressure drop and not the velocity of the steam is fixed, the 
various factors are connected by the equation : 


87 


/ Fj - Pg 

aJ vL ^ d 3*6 


( 2 ), 


which gives the rate of flow directly. In this formula 
Pj = initial pressure in pounds per square inch. 

Pj = final pressure in pounds per square inch. 

L = equivalent length of pipe in feet. 
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Fig. 1. — Steam-pipe diagram for a typical power-plant installation 
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Pipe Bores ^ 

From the data the pipe bores are fixed, using a steam velocity of 140-180 ft. 
per second, at the same time ensuring that the calculated pressure drop in the 
system is within the allowable figures for the design conditions of the boiler and 
turbine. Fig. 1 indicates the typical pipe bores for such an installation. 

Type of Steel Required 

With this installation, the pipework design pressure will be assumed to be 
1,030 lb. per square inch, with a temperature at the boiler outlet stop valve of 
925"* F., and this temperature decides the type of pipe steel which is necessary. A 
chrome-molybdenum steel having the following chemical and physical analysis 
is suitable for these working conditions: 


J 


1 

Carbon Silicon 

percentage percentage 

Sulphur 

percentage 

Phosphorus 

percentage 

Manganese 

percentage 

Chromium 

percentage 

Molybdenum 

percentage 

0-15 max. 

0-3 max. 

0 04 max. 

0 04 max. 

0-3-0-6 

0-7-1 -2 

045-0-6 


Ultimate tensile strength : 28-36 tons per square inch (minimum). 

Yield point : 50 per cent, ultimate tensile strength (minimum). 

Elongation : 25 per cent, on 2 in. (British Standard Test Piece “C”) (minimum). 


This steel is selected because it has good creep-resisting properties when 
stressed at the working temperature for long periods. At the same time it 
remains ductile. It also possesses good forging qualities, and is suitable for 
drawing into tubes, which satisfactorily withstand the conditions imposed on 
them during manufacture into finished pipework, by bending, flanging, and by 
welding. The manufacture of the steel may be in an acid open hearth, or in an 
electric furnace, but must be closely controlled and deoxidised with a minimum 
of aluminium, preferably of the order of 8 oz. per ton maximum. The admixture 
of chromium combined with the minimum • of aluminium ensures a steel 
resistant to graphitisation. 

Chromium further helps the steel to be drawn more smoothly and assists in 
producing a good.surface on the tube, both internally and externally. 

Calculating Pipe Thickness Required 

The next stage is to determine the pipe thickness required. Consideration 
must, however, be given to the method of manufacture, as the back of the pipe 
bent by the plain process is thinned a certain amount and this must be allowed 
for in the calculated pipe thickness. Pipes manufactured by the creased process . 
(Fig. 3) can be fabricated from the same thickness of tube as straight pipes, 
because no thinning takes place during manipulation. The creases extend for 
two- thirds of the circumference of the pipe, avoiding the outer wall of the bend. 
The surplus length on the inner side is absorbed by the creases during the bend- 
ing of the pipe. 
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pipe anchorages* and 
terminal points are 
allowable by the boiler 
and turbine manufac- 
turers at pipe terminals. 

A method of calcu- 
lation is the Grapho- 
Analytical method as 
described in the Piping 
Handbook by Sabin 
Crocker (McGraw- 
Hill). When making 
these calculations it is 
usual to allow the pipes to be pre-stressed cold, by leaving certain gaps in the 
piping system, known as cold pull-up gaps, which allow this to be done. 
Particular care must be taken in the choice of these, however,, as with certain 
types of pipe- to-pipe joints, difficulty may be experienced. This will be referred 
to later. 

Another feature of design is shown in Fig. 1, where it will be seen that the 
steam receiver is anchored. This allows each pipe run to be calculated as an 
individual problem so that the stresses and thrusts can be guaranteed. 

Pipe Jointing 

Dealing now with the method of jointing pipe to pipe, pipe to valve, etc., a 
type of joint is shown in Fig. 4. This is known as a butt-welded joint. The pipe 
ends or valve ends and the backing ring must be machined to very close toler- 
ances. 

The butt-welded joint has been used extensively for working conditions 
similar to those under review, but it is necessary to have special facilities on site 
to permit of its construction. Having no connecting flanges with adjoining 
bolts, as is the case with an ordinary flange joint, it is difficult to erect and line 
up in situ, and special erection equipment is necessary to keep the pipes in line 
whilst the joint is^ being erected ^nd subsequently welded. 

It will be readily understood that this difficulty is experienced at joints in 
long vertical mains, and at positions where cold pull-ups are arranged, and this 
affects the amount of cold pull-up which can be allowed in a butt-welded pipe 
system. Cold pull-up must be avoided if the piping is of the three-plane variety, 
as, if the pipe revofves during the making of a particular cold pull-up, the design 
requirements are not being complied with. It is therefore usual to restrict to a 
minimum the cold pull-up gaps in butt-welded mains. 

Before welding commences the ends of the adjoining pipes must be pre- 
heated. This can be successfully carried out by the electric induction method, 
or by the use of gas, which is more difficult to handle and to control. Metal arc 
welding, using covered electrodes, is employed. The designer or draughtsman 
must be careful to position the joints so that the welder and other personnel 

E.W.P. IV— 13* 



Fig. 4. — End preparation ior butt-welding pipes 
{Alton & Co., Ltd.) 
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have full access and can be comfort- 
able during the welding and processing 
of the joint. The work calls for high 
concentration by the men employed 
in all stages of manufacture, and if 
necessary, where a joint is of consider- 
able height above gangways or ground, 
a special staging must be erected in 
order to relieve the men of any anxiety 
during attention to their duties. The 
welder should be a specialist, trained 
and tested. 

On completion of welding, the 
joint is stress relieved, calling for fur- 
ther apparatus eitherin the form of elec- 
tric induction coils or gas-heated fur- 
naces suitably controlled and recorded. 

Radiographic Examination of Pipe 
Joints 

It is usual for each joint to be 
examined by X-ray or gamma-ray, in 
order that any flaw which is present in 
the weld may be detected, cut out, and 
rewelded as necessary, followed by further X- or gamma-ray inspection. A 
Welding Supervisor should be present, who is not only capable of passing an 
opinion on the welding technique, but has metallurgical qualifications, and so 
is able, not only to take radiographs of the welds, but can interpret and make 
decisions on the details shown thereon. 

It has been found from experience that X-ray equipment is not readily 
portable to the position of joints in pipework, and Fig. 5 shows a method 
successfully employed for the taking of gamma-ray photographs. 

The source of gamma rays is radium-sulphate in a pla^tinum container, 
attached by screwing to a wire holder. This 'sburce is inserted into the pipe 
through a screwed boss which is used for fixing the locating device controlling 
the position of the radium source in the bore of the pipe. The films are placed 
round the outside of the pipe in suitable cassettes. On completion of gamma- 
ray examination a plug is inserted into the boss and permanently, welded up. 

This has proved a very convenient method of radiography, and the time 
required for long exposures by this method is offset by taking photographs at 
night, or when the men are not actually engaged on the work. 

If, during the fabrication of pipes having ends prepared for butt-welding 
it is necessary to weld branches or carry out work which calls for hydraulic 
testing, special arrangements have to be made by plugging the pipes for the 
hydraulic test at the fabricator’s works. 



Fig. 5.— Pipe sectioned to demonstrate 

THE INSPECTION OF A WELD BY GAMMA 
RADIOGRAPHY (Alton & Co., Ltd.) 
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“Corwfl” joint 


Aiton^^Patent ‘ ^ 

on.' 'pipes at the • 
the 

can proceed in the ^ 

same way as with f-m, ^ — Illustratino the Aiion patent “Corwfl” joint 
the older method of ^ co., Lid.) 

erecting a packed 

joint. If manufactured in chrome-molybdenum steel, it requires preheating 
before the seal welding is carried out, but it does not require any other 
special technique on site ; for instance, stress relieving is not necessary, as the 
weld is only of the seal type. The weld is supporied by loose flanges and bolts, so 
it is not necessary to subject the weld to X-ray or any other method of examination. 

The “Corwel” joint can be successfully adapted to valves, connections from 
superheater outlet headers, and other terminal connections, enabling the whole 
of the pipework system to be welded up and to be free from all joint troubles. 
If occasion demands, the weld can easily be cut out, though of course care is 
necessary to prevent damage to parent metal. When a joint is broken, the weld 
is blown oht and the welding bevel cleaned by a chisel, file, or portable grinder. 
Joints may also be broken using an air or hand hammer and chisel, or portable 
grinder with a suitably shaped wheel to remove the weld metal, after which the 

• Corwel joint may be rewelded 


-Illustrating the An on patent 
(Aifon & Co., Ltd.) 



Fig. 7.— Type of reinforcement necessary for 
WELDED BRANCH CONNECTION {Aiton & Co., Ltd.) 


and put back into service. 

The loose-ring flanges will 
be in chrome-molybdenum 
steel of similar analysis to the 
tube material, and the stud- 
bolts which unite the flanges 
will be in molybdenum- 
vanadium steel, having the 
necessary resistance to creep 
at high temperature. 

Where branches are welded 
to pipes or receivers, suitable 
reinforcement is necessary and 
needs to be fitted. A typical re- 
inforcement is shown in Fig. 7. 
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Pipe Supports 

A pipe-line must receive careful consideration with regard to supporting, 
particularly where large vertical movements occur due to thermal expansion. 
Chrome-molybdenum piping, of the analysis previously detailed, expands 
^8-381 in. per hundred feet at a working temperature of 9^5° F. It is usual to 
fit spring-tension supports at all positions of vertical movement. These may be 
of the straightforward helical-spring type, constant-load spring type, or counter- 
weight-balance type. 

During installation in the power-station the design requirements must be 
strictly maintained, all drainage falls being checked so that when the pipe 
expands, up to temperature, the drainage falls arc not neutralised. 

In the case of a butt-welded pipe-line, it is usual for a hydraulic test to be 
carried out on the completed installation, but this is not usually necessary 
when piling is fitted with joints of the flanged type. 

After installation, the completed pipe system will be insulated with an 
approved pipe covering. 

The above remarks apply to one specific set of working conditions. A great 
deal could be written with regard to other working conditions ; for instance, 
carbon steel is usually employed up to a temperature of 850° F. with a maximum 
of 875° F. Chromium steel, mentioned on page 387, is utilised for temperatures 
up to 975° F. Over this temperature other steels— molybdenum-vanadium and 
austenitic are used as required by the specific working conditions. 

Corrosion Fatigue , 

It is essential to point out that corrosion fatigue cracking is liable to occur in 
any material which is subjected concurrently to sufficiently high fluctuating 
stresses and the corrosive action of water. Therefore, when once a pipe system is 
installed, it is necessary to instruct the operators upon the correct operation of 
main control valves and drain valves, the maintenance of steam traps, and other 
items of equipment to avoid such an occurrence. 

Where the flexibility cannot be obtained by normal arrangement of pipes, 
corrugated straights or bends can be incorporated. 

Conclusion 

Whilst this article has dealt with a conventional type of installation, there are 
many other types of power plants, all calling for special consideration of the 
piping problems involved. 


J. C. 
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and put back into service. 
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Fig. 2.— a L250-h.p. horizontal Uniflow steam engine driving a generator 
The Uniflow engine has an inlet valve at each end of the cylinder and no exhaust valves. 
An automatic relieving gear enables the attendant to change from condensing to non- 
condensing without having to operate any valves. {Robey & Co., Ltd.) 



Fig. 2a.~Section of cylinder of Uniflow steam engine 

The steam flows in one direction only, entering through a valve at each end of the cylinder 
and leaving through ports at the centre which are opened and closed by the piston. Note that 
the cool exhaust steam does not pass near the hot inlet surface. {Robey & Co., Ltd.) 
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Fig. 3.— Horizontal steam engine fitted with Pickering-type governor and piston- 
valve GEAR {Marshall^ Sons & Co., Ltd.) 



Fig. 4._a horizontal engine fiited with trip-valve gear 
The trip gear consists of equilibrium double-vent steam and exhaust valves, one of 
for each end of the cylinder, with suitable operating mechanism driven from the layshaft, 
which is geared to the engine crankshaft by mitre wheels. Piston speed up to 600 ft. per 
minute. {Marshall, Sons & Co., Ltd ) 


, ^dcratton and maintenance 
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, The station- 
ary engines obtain 
their steam from 
many types of 
boilers, economic, 
Cornish, Lanca- 
shire, vertical, 
water-tube, loco- 
motive type, etc. 
The portable or 
combined en- 
gines, in the 
majority of cases, 
are supplied by 
locomotive or cir- 
cular firebox 
boilers. An article 
giving a “Survey 
of Steam Boiler 
Plant” will be 
foundon page 186. 

Stationary Plant 

A selection of 
different types of 
fixed plant of rela- 
tively low speed 
is shown in Figs. 
1-9. 

Figs. 3 and 5 
illustrate typical 
simple steam en- 
gines, horizontal 
and vertical, fitted 
with piston and 
slide valves re- 
spectively and 
Pickering-type 
governors. 

High-speed 
engines are gener- 
ally enclosed, with 
forced lubrica- 
tion. Such an en- 
gine is showh in 



Fig. 


5. — Vertical single-cylinder slide-valve engine with 
Pickering-type governor 

Note central lubrication by oil-box and pipes. {Ransomes, 
Sims & JeffrieSy Ltd.) 




Fig. 6.— a horizontal double-cylinder medium-stroke steam engine 
A compact engine giving large power compared with the floor space occupied. 
(Robey & Co., Ltd.) 



Fig. 7.— Horizontal tandem compound steam engine, with drop-valve gear 
Working pressure 160 lb. per square inch. The valves are opened and closed by means of 
cams mounted in valve bonnets and rocked by a single eccentric. (Easton & Johnston, Ltd.) 
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Fig. 17, and is often coupled direct to a dynamo, the^ combination being 
termed a “steam dynamo.” 

STARTING UP AND RUNNING 

Starting up a steam engine involves first of all the raising of steam, apd it is 
assumed that a new plant or a plant which has been some time out of com- 
mission is being dealt with. 

Manhole and Mudhole Door Joists 

The first thing to be done is to make the manhole and mudhole door joints 
on the boilers (Figs. 10 and 1 1). These are made with woven asbestos rings well 
graphited to avoid sticking. The ring should be a good fit on the door. Loose 
rings are dangerous, as they may get displaced in fitting and blow out. When 
the ring is on, try the door in its hole, and see that the lip (Fig. 1 1) enters the 
hole equally all round. If it does not, remove the door and feel round the inside 
of the mudhole. « 

Sometimes fragments of old Joint are left adhering to the plate, and unless 
these are removed, it will be impossible to make a tight joint. 

The same remarks apply to the doors, which must be quite clean on the 



Fio. 8 .— Coupled compound-type medium-stroke horizontal steam engine 

The engine illustrated above is fitted with Pickering-type governor. Standard sizes of this 
type range from 1 1 b.h.p. to 96 b.h.p. and are suitable for working with steam up to 150 lb. 
For very narrow sites the cylinders are placed in tandem instead of side to side. {Ro}?ey & Co., 
Ltd.) 
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place where the angs fit. If all is right, put the dog (Fig. 12) on the door stud 
and then the washer and nut and screw up. 

Some doors are of pressed steel, and these are the easiest to apply and the 
safest in use. The manhole door usually has two dogs (Fig. 10), and these must 
be done up equally, giving a part turn first to one nut and then to the other. 

While the door must be done up tightly, care should be exercised, otherwise 
the studs or dogs may get broken, and the doors, if of cast iron, broken across 
the stud (Fig. 13). 

It is better to follow up the joints as the boiler heats up, but no extra tension 
should be put on the studs once there is pressure in the boiler, as in the event 
of the stud or door breaking, very serious injuries might ensue. 

The special woven asbestos joint rings may not always be available, and in 
such cases a hollow canvas and rubber packing is used. This is cut to length, 
and a strip of lead rod inserted in each end to form the ring, and the joint is 
then bound with adhesive tape (Fig. 14). This makes a satisfactory joint, but 
v/ill not stand being used more than once, as it bakes on to the door or boiler 
plate and has to be chipped off. • 

After all the joints are made, turn off ^he blow-off cock and see that all 
fittings are in order. 

When steam is being raised, the manhole and mudhole doors should be 
inspected for leakage and tightened, care being taken not to force them. 


Fig. 9.— Compound 

INCLINED-VALVE 
ENCLOSED HIGH- 
SPEED ENGINE 

With slide valves 
and automatic 
expansion gear. 
Direct-coupled to 
dynamo. Note 
steam drier oA 
steam pipe. (Beiliss 
& Morcom^ Ltd.) 
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Fig. 10.— Pressed-steel or McNiell-type 

MANHOLE DOOR 



Fig. 11. — Cast-iron mudhole 

DOOR 



Fig. 12.— Dog slipped on stud of door 
READY for tightening UP 


Dogs are usually forged steel or steel 
stampings. 



Fig. 14. — Hollow gasket tubing 
of rubber and canvas 

Can be made up to any size door. 
Note lead plug' at joint, which is 
afterwards wound with adhesive 
tape. 



Fk3. 16.— Circulator 

For circulating the “dead” water in boilers 
and thus avoid danger of straining. 



Fig. 13.-' Cast-iron mudhole 
door fractured across sruD 
hole duf to excessive 
tightening or UNFQtiAL BED- 
DING OI JOINT 



Fig. 15. — Filling plug on 

BOU-ER 

Usually arranged so that 
boiler cannot be overfilled. 
ABy maximum height of 
water. 



Fig. 15a. — Sec- 
tion of boiler 
hller plug 
Note recess for 
joint XXy to pre- 
vent it , being 
blown out. 
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Attention to Gauges 

See that the gauge glasses are sound and that the rubber packing rings are 
fitted. Fill the siphon of the pressure gauge with water, and if there is a cock in 
the gauge siphon, see that it is turned on. 

Firebars 

If the firebars have been removed, these should be replaced and care taken 
to see that they are equally spaced. Bent or defective bars cause immense waste 
of fuel and should be discarded; the bars should be clean on top. If burned 
away, new bars should be fitted. New bars are cheaper than a loss of even 
J per cent, of fuel, and defective bars can easily waste 20 per cent. 

Filling the Boiler 

Fill the boiler with water until it is about half-way up the gauge glass. In 
boilers of the locomotive type, a filler plug is generally provided in the manhole 
door, or a separate bend, with a plug, is fitted to the boiler, and in such a position 
that the boiler cannot be filled above the top of the behd (Fig. 15). A special 
funnel is generally provided with the engine to enable the water to be poured 
in conveniently. 

On large stationary boilers water can generally be run in from the main by 
a special connection fitted with a check valve to prevent the boiler pressure 
getting back into the main in the event of the filling cock being opened while 
the boiler was under steam, or the water may be supplied from overhead tanks 
with the same precautions adopted. If the boiler is one of a range and the other 
boilers are working, it can be filled through the feed check valve in the usual 
manner. 

Filling Plugs 

In the cases where filling plugs have been removed, these should be screwed 
up tightly. The plugs are usually arranged Vith a recess under the head to 
prevent the joint being forced out (Fig. 15a), and lead washers are often fitted, 
or asbestos cord wound into the groove. 

Lighting the Fire 

Before lighting the fire, see that all valves are turned off, and that the 
dampers on those boilers which have them are free to work easily. If the boiler 
is fitted with economisers, care should be taken to see that these are full of water, 
and that the by-pass damper is open while steam is being raised. 

The method of lighting the fire differs with different types of boiler and 
conditions. 

Lighting Fire of Portable Plants. — With ploughing engines, traction, 
and portable engines in the field, where wood, paper, shavings, etc., are not 
generally available, knobs of coal about the size of an apple are placed on the 
bars and bundles of straw are stuffed into the ashpan and lighted, and the coal 
is soon ignited. 
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Fig. 17. — A high-speed vertical engine of the compound-enclosed type 

This engine is fitted with a crankshaft throttle governor, enabling the speed of the engine 
to be varied whilst running, {Robey & Co., Ltd.) 


Lighting Boilers with Long Grates.— With large boilers with long grates, 
such as Lancashire, Cornish, etc., the back pdrt of the grateS is covered with 
coal. A small fire is started in the mouth of the furnace with some wood and 
oily rags covered with small knobs of coal, and the door being shut, the draught 
soon carries the fire down the furnace tube to the other coal. 

Where many boilers are in use, or in locomotive sheds, the fires are generally 
started with several shovelfuls of live coals out of a large brazier or “devil,” 
and coal fed on to them. 

Raising the Steam 

Once started, the fire should be kept thin and even on the bars : a thick fire 
produces heavy smoke and little steam. Fresh coal in square firebox boilers 
should be fed round the sides and not thrown into a heap in the centre. ' 



MAlNll^ANCE OF STEAM ENGINES 


403 



Fig. 


18 .— Boiler distorted by too 

RAPID SnAM RAISING 
Distortion shown exaggerated. 


In long furnaces,the fresh coal should ^ 

he kept at the door end, so that the gases 
have to pass over a bed of hot fuel and 
are thoroughly consumed, instead of 
passing out in smoke, the fire being 
pushed forward at intervals to keep a 
good bed at the back. In this type of 
furnace a thicker bed of fire has to be 
carried than on the locomotive type, 
especially at the back end. 

Steam raising should not be hurried 
Irom all cold, especially in large boilers 
containing great quantities of water, or the boilers may be severely strained 
and seam leakage result. • 

Circulators for Raising Steam, — ^In Lancashire and marine boilers of 
the Scotch type, it is not unusual to have nearly full steam pressure at the top 
of the boiler and almwst-cold water at the bottom. To avoij} this, circulators are 
fitted (Fig. 16), in ;.ome cases where steam is required rapidly and the danger of 
leakage is avoided but otherwise it will be realised that a boiler under such condi- 
tions may be disl »rted, as in Fig. 18, to the extent of probably i in. in its length. 

I n all such bo< ers steam should be raised as slowly as the circumstances permit 
to allow the brickwork of flues, setting, etc., to warm up gradually. Boilers of the 
water-tube typi are rapid steamers, and few precautions are necessary, as the 
quantity of w.uer contained is small and the circulation is rapid. 

Stham Bl/.st in Locomotive Bon ers. — Locomotive-type boilers are rapid 
steamers, and arc generally fitted with a steam blast up the funnel tc draw up 
the lire, but *his must be used with discretion, or the tubes will leak at the 
firebox end. As the steam rises, the height of water in the gauge glasses will rise, 
due to expansion. 

The level in the gauge glass should fluctuate^ it should never be steady while 
the boiler is under steam ; a steady level is never a true one, pointing to restricted 
or choked water or steam passages. 


Testing Water Levbl . * 

Test the level frequently while raising steam by opening the lower cock of 
the water gauge, and note that the water returns to the same level when closed. 

When steam is nearly up to full pressure, close the dampers slightly, or close 
the ashpan and opetfthe fire door slightly to prevent blowing-off. With tubular 
boilers, like the locomotive type, the fire door should not be opened long with 
a fierce fire, as the cold air entering might cause leakage of the tubes owing to 
rapid contraction. 


Braining Water from System 

Before turning on steam, it should be ascertained that the drain taps on 
the main steam pipe, if fitted, are wide open. If steam traps are fitted, there will 
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be no danger of tlje steam pipe not being cleared of condensed steam. Open 
the stop valve very slowly, allowing the steam pipe to warm up gradually. 
Rapid opening of the stop valve is dangerous, even with steam traps on the 
pipe, as water hammer might develop and the pipe be fractured. 

There is often a drain tap on the main engine stop valve, just under the 
seat ^ig. 19), and this should be left open until the engine is started. With 
combined engines and boilers, the cylinder is surrounded by a steam jacket 
which is open to the boiler, so that the cylinder is hot enough to prevent undue 
condensation without any blowing through. 

Pilot Valves 

In large boilers, or in ranges of boilers, pilot valves are often fitted to the 
main stop valves, and the pilot valve should be opened to warm up the steam 
main before the main stop valve is operfed, thus avoiding any danger from 
water hammer. 

Feed Pump , 

If there is a separate feed pump apart from any on the engine, test this and 
see that it delivers water into the boiler satisfactorily. If there is an injector, 
test this also. 

Safety Valve Pressure 

If the boiler has not been in use before, or laid up for some time, allow the 
pressure to rise until the safety valve lifts, and note that ihe pressure at which 
it is supposed to blow corresponds with that shown on the pressure gauge. 

Heating Up Cylinder before Starting 

It is now time to turn to the engine. Before a steam engine is started, it is 
advisable to make sure that the heat of the cylinder casting is equal to that of 
the steam. Otherwise the steam entering would condense rapidly, and the 
water, being forced out by the piston on the CKhanst stroke, will set up a heavy 
pounding, and may, in extreme cases, knock oft' the cylinder covers. 

With slide-valve engines the water will generally escape by forcing the valve 
off its face without damage, buf in the case of piston- valve engines this would 
not be possible, and relief valves are provided to allow any water to escape 
without damage. These are really small, spring-loaded safety valves, one 
arranged in each end of the cylinder (Fig. 20). 

It is, however, "better to avoid this trouble by heating up the cylinder 
thoroughly before starting. 

«» 

Drain Taps on Cylinder 

The drain tap on each end of the cylinder should be opened, and also the 
drain on the steam chest, if one is fitted. If a steam trap is fitted on the steam 
chest, this should need no attention (Fig. 19), If the engine has jacketed 
cylinders, a steam trap, in the case of stationary independent engines, is almost 
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invariably fitted.Open the 
stop valve on the engine 
very gently and allow 
steam to flow through the 
drain tap at the end of 
the cylinder whieh is 
taking steam. The stop 
valve should then be 
closed and the engine 
turned or barred over 
until the other end of the 
cylinder is taking steam. 
Open the stop valve and 
allow steam to blow 
through this end. 


Fig. 20. — Section of cylinder fitted with piston valve Simpling Valve 

Note spring-loaded relief valves to allow condensed steam jf engine is com- 

to escape. It is impossible to force the piston valve off its seat j „ 

as with a slide valve. {RansomeSy Sims & JeffrieSy Ltd.) pound, a simphng valve is 

fitted to allow high-pres- 
sure steam to enter the low-pressure cylinder for starting purposes should the high- 
pressure crank stop on dead centres. One of these valves will be seen in Fig. 19. 
This should be opened when warming up, or the low-pressure cylinder will 
remain cold, the drain taps on the low-pressure cylinder also being opened. 
After a few minutes in the case of large engines, the difference in the sound will 
indicate that steam, not water, is blowing out of the drain taps. 


Starting the Engine 

Single Cylinder. — The crank, if it is a single-cylinder engine, should now 
be placed just over the dead centre, in the direction of rotation, so that the 
engine can get away. 

Compound Engine.— If it is a compound engine, the simpling valve should 
be closed, but all drain taps in both types ofiopgine should 'be kept open. The 
stop valve should gently be opened until the engine moves off. In the case of the 
compound engine it may be necessary to open the simpling valve to admit 
steam direct td the low-pressure cylinder, and this should be closed as soon as 
the engine gets under way. As soon as the engine has attained its normal speed 
and is under the governor control, the drain taps may be closed; the steam stop 
valve being opened ‘wide. 

Mamtaining Boiler Pressure 

The boiler now requires attention. For economical running the steam pres- 
sure should be maintained as even as possible and just under the blowing-off 
point. If the boiler is oil fired or has a mechanical stoker, little attention will 
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be required once tl:\p plant 
has settled down to regular 
work and the burner, or 
coal feed, is regulated. 

With hand firing, how- 
ever, considerable skill is 
required in the stoking of 
the boiler to maintain an 
even head of steam and to 
avoid smoke. 

Little and often is the 
rule in stoking. The fuel 
should be added in small 
even quantities, and the 
bars kept free from ash 
and clinker by regular use 
of the pick and rake. 



Fig. 2I.t-Feed pump with feeu by-pass and heating 

DEVICE 


Locomotive Boilers 

In boilers of the loco- 
motive type the fuel 
should be added evenly 
at the corners of the 


A, suction ; B, valve controlling steam from main exhaust 
pipe; C, water by-pass valve; D, return pipe to feed tank. 
The exhaust steam mixes with the surplus water on its way 
to the tank and heats it; Ey spring rehef valve; F, valve for 
shutting off pump from boiler under steam to enable suction 
and delivery valves to be examined; (7, air cock. 


firebox and under the door, keeping the centre clear and bright, and also 
under the tubes in the tubeplate. The fuel, as it gets well alight, can then 
be moved into the centre to keep the bars from being uncovered, a fatal 
defect in maintaining steam. A thin fire should be maintained. To stoke heavy 
charges of fuel and to build up a thick fire merely results in thick smoke, no 
heat, and a falling steam pressure, the waste of fuel also being enormous. By 
bad stoking alone the consumption of fuel phr horse-power per hour can be 
increased 50 per cent. 


Keep Water-level *Constant , • 

It is also essential that the water-level should be kept constant, the 
feed being so managed to attain this. Engines fitted with feed pumps driven 
direct have a by-pass fitted on the pump delivery. By regulating this the level 
of water can be xftaintained exactly if the load is constant (Fig. 21). To 
allow the water-level to fall unduly and then run the level up rapidly renders 
it impossible to mainiain a steady pressure, and tends to strain the boiler if the 
feed is cold. 

Boilers with independent feed have feed-regulating valves fitted by which 
the feed can be very finely adjusted. In such cases the feed is generally hot, the 
water passing first either through an exhaust steam feed-water heater or 
through econoiuisers fitted in the flue of the boiler. 
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Exhaust Steam Feed -water Heaters 

Many engines are fitted with exhaust steam feed- water heaters, and it is 
essential that the tubes of these should be cleaned periodically to remove “fur," 
or scale. Provision is made for this by fitting detachable cover plates, or ends, 
giving access to the tubes. 

Many combined engines and boilers have an arrangement for diverting 
part of the exhaust into the pump by-pass, so that the surplus water is heated 
on its return to the feed tank (Fig. 21). 

This has two drawbacks, however: the oil used to lubricate the cylinder 
passes out with the exhaust steam and finds its way into the feed tank, where it 
becomes partially emulsified with the feed water and enters the boiler and may 
cause serious damage due to overheating, as well as the less serious trouble of 
foaming or priming. 

The other trouble is that on periods of heavy loads the feed water in the 
tank may, unless the heating device is closely watched, get so hot that the 
pump will not lift it and the feed ceases. Unless some other method of feed is 
fitted, such as an injictor with a cold supply, this may lead to a dangerous 
situation, as once the pump body has got hot it is difficult to get it to restart, 
and the water in the feed tank must be brought down to a temperature at which 
the pump can handle it, say, not over 150° F. Should this situation arise, the 
fire should be dropped or damped down to avoid melting the fusible plug 
unless the water gauge reading is fairly high. Some special points dealing with 
the running of the various types of engines and boilers are dealt with below. 

RUNNING OF STATIONARY PLANTS 
Operation of Condensing Plants 

Many stationary engines are fitted with condensers either of the surface or 
jet type (Fig, 22). This, where ample water is available, results in considerable 
economy in working, as the vacuum obtained by the condensation of the 
exhaust steam is equivalent to an addition of up to 14 lb. per square inch 
working pressure. All the large turbo-electric generating plants are fitted with 
condensing plants and, unless a river is available, cooling plants, to cool the 
condensing or circulating water. It is preferred, however, to hmit these instruc- 
tions to reciprocating engines only. 

In some cases the circulating and air pumps are driven direct from the 
engine ; in other cases independent air circulating and feed pumps are used. 

On the exhaust pipes of condensing engines a double-se^t valve is generally 
fitted, and this will be seen in Fig. 22. This allows the exhaust steam to be 
diverted into the open air or into the condenser, as desired. 

In the case of engines where the circulating pump and air pump are direct 
driven, the exhaust steam should be diverted to the air at starting. When the 
engine is under way and the circulating water has reached the condenser, the 
exhaust valve is closed to the air and the steam diverted to the condenser. 

Jet Condensers. — In the case of jet condensers (Fig. 22), the quantity of 
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Fig. 22.— Jet 

CONDENSER 

The double-seat 
valve is shown above; 
the top pipe allows the 
exhaust steam to escape 
to the air. Main exhaust 
pipe on left. The injec- 
tion water-control valve 
IS shown in front. 
Vat iium gauge on left. 
Pump rod and sleeve 
coupling at bottom, 
left. (Ransomes, Sims 
& Jcfi tes^ Ltd.) 



water should be adjusted until the \acuum is steadily maintained at the highest 
figure attainable, which will depend on several factors, such as the temperature 
of the cooling water, the state of the air-pump plunger and valves, tightness of 
the air-pump glands, etc. 

• 

Running of Independent Pumps 

Where independent pumps are fitted, the pump is started before the main 
engine and the exhaust can be tijrned straight into the condenser. The speed 
of the independent pumps sholild be regulated to a minimum necessary to 
maintain the highest vacuum. In most cases the exhaust of the pump is taken 
into the main condenser and the pumps are run much too fast. In many in- 
stallations the auxiliary plant is responsible for great steam, and, consequently, 
fuel waste. 

Steam Driers * 

On high-speed stationary engines, a steam separator or drier is often fitted 
on the main steam pipe at the engine to prevent any excess of condensed steam 
^eing carried into the cylinders. As these engines are generally fitted with 
piston valves, it is important^ that the steam should be as dry as possible for 
reasons already given. A steam drier will be seen in Fig. 23. It is fitted with a 
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water gauge of the same type as used on steam 
boilers to indicate any accumulation of water. A 
drain cock is fitted to the drier and a steam trap to 
keep the drier free of water is also fitted. The drier 
needs no attention beyond seeing that the steam trap 
keeps it free of water. 

RUNNING OF COMBINED ENGINES AND 
BOILERS 

In practically all these engines the cylinder is 
steam-jacketed, the jacket (Fig. 20) being in direct communication with 
the boiler, so that the cylinder is maintained at the full temperature of 
the steam and the use of the drain cocks for a few seconds only at starting is 
sufficient. 

Grate and Ashpan. — ^Jhe grate area of, the boiler is r^atively small, and 
it is therefore important to keep the grate clean and free from clinkers and the 
ashpan clear. Accumulations of ash in the pan cuts off the air to the fire and 
prevents steanj' being maintained. 

Boiler Tubes. — The boiler tubes also must be kept clean and should be 
swept daily, a brush of the type shown in Fig. 24 should be*^used, with a scraper 
brush (Fig. 25) at weekly intervals. 

Smoke-box. — The smoke-box must also be kept clear of soot and ash. This 
tends to accumulate in the box, being drawn through the tubes by the blast of 
the exhaust. In a short time it will build up above the ends of the lower tubes, 
thus stopping the draught, and the ash may catch fire, the lower part of the 
smoke-box getting red-hot. This can be frequently seen on railway locopiotives 
after a long, heavy run (Fig. 26). 


Fig. 23.— Steam drier as 

FITTED TO HIGH-SPEED 
ENGINES 

A st€Jam trap is fitted at 
bottom to keep drier drained. 
The water gauge shows any 
accumulation of water. The 
action is a centrifugal one, 
the water being thrown 
against the side of the drier 
and running to the chamber 
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Cleaning-out Locon^otive Boilers 

Locomotive-type boilers 
have very restricted waterways 
and spaces between the tubes. 
It is essential that soft water 
should be used as feed. The 
boiler also must be washed out 
frequently, all mudhole doors 
being removed for this purpose, 
to remove all mud and deposit. 
The period will vary with the 
work and the water used as feed, 
but about 100 hours should be 
the limit. 

Traction, Threshing, and Plough- 
ing Engines — Water-level 

In traction, threshing, and 
ploughing engines, which run 
on the roads, the water-level on 
the boiler must receive special 
attention. While travelling the 
water-level should be maintained 
sufficiently high to prevent the 
crown of the fire-box being 
uncovered should the engine 
have to descend a hill (Fig. 27). 
If there is any doubt, the engine 
should be stopped before de- 
scending the hill and the water- 
level raised to a safe point. It is 
best to do this with the injector, 
as it is not safe to jjut the engine 
out of gear if it is on a slope with * 
a heavy load, the engine furnish- 
ing the most powerful brake. 

For this reason the gear 
should never, if "it can be 
avoided, be changed on a hill, 
otherwise the contrel of the 
engine and its load may be lost. 
If there is any doubt of the 
engine being able to ascend the 
hill on the high gear, it should 
be stopped and the gear changed 



FlO. 26.— SlCTION of SNffc)K e-box of loco-type 

BOILER 

Showing accumulation of fine ash choking 
bottom rows of tubes. 



Fig. 27.— Water-level in iraction ei^gines 
In descending hills, sufficient water must be 
earned in boiler to avoid top of fire-box becoming 
uncovered. /i.I, water-level ; B, firebox. 



Fig. 28.— Steam water lifter fitted to road 

ENGINES AND WAGONS 

Ay suction ; By steam ; F, delivery to tank ; D, lock- 
nut to adjust position of cones. 
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before the ascent commences. Otherwise all brakes should be applied and the 
wheels of the whole train scotched or blocked before the change is made. 

Picking up Water 

All road engines are fitted with a water-lifting device to enable water to be 
picked up on the road. This is a simple form of steam jet pump (Fig. and 
will lift water 20 ft. or more and deliver it into the engine tanks. If the water 
supply is shallow and muddy or gritty, the suction rose on the end of the lifting 
hose should be laid on the fire shovel placed on the ground to prevent mud, 
etc., being picked up. 

Cleaning-out Water Tank 

As any water available has to hp used, it is essential that the water tanks 
should be cleaned out periodically, as otherwise the sediment may build up 
above the suction openings and so stop the feed to the pump and injector. 
Mudholes or cover plates are provided on the tanks for this purpose. 

Traction Engine driving Machinery 

When the engine is driving machinery by belt, it is advisable to place it so 
that the smoke-box end of the boiler is higher. This ensures drier steam, and 
allows of a lower water-level to be carried than if the engine was level. The 
cylinders of these engines are attached to, and take their steam from, the front 
end of the boiler. 

Portable Engines 

These engines are used for belt driving only and the cylinders are attached 
to the rear end of the boiler. 

The* engine should be kept as level as possible when working, as if inclined, 
as in the case of road engines, priming may result! These engines, especially those 
with single cylinders, have a tendency, when working, to rock due to the motion 
of the reciprocating parts of the engine. Bolted scotches are generally used to 
hold the engines steady. , 

Engines of this type are often converted into semi-portable engines by 
removing the wheels, fitting an ashpan foundation, and carrying the front-end 
of the boiler oh a feed tank. 

If part of the exhaust steam is used to heat the feed, this tank gets very foul 
from the spent lubricating oil deposited in it from the e^inaust steam and is, 
from its position, very diflScult to clean. It is advisable to fit a separate feed tank 
at tfie side of the engine under the pump and simply let the other tank serve 
the purpose, of a support. 

Boiler Feed Pump. — Portable steam engines are generally only fitted with 
one method of boiler feed, a pump driven off the crankshaft by an eccentric. 
The pump seldom gives trouble if properly packed and reasonably clean water 
is used, but it is advisable to fit an alternative method of feeding. Both pumps 
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and water injector^ are almost invariably fitted on traction and threshing 
engines : they are seldom found on portable engines. 

Fitting an Injector.-— If an injector is fitted, a separate feed tank should 
be provided, as the tank for the pump feed may contain water too hot for the 
injector to handle. Occasionally the pump fails from this cause, and the injector, 
with lU cold feed water, is then able to carry on the work. 

Device for Repairing Engine whUe under Steam 

Provision is made on portable engine pumps for shutting off the pump 
from the boiler so that in the event of trouble the valves can be removed and 
examined while the boiler is under steam. This device is shown in Fig. 21 and, 
as there would be a danger of breaking the pump if the engine was ever started 
with the pump shut off from the boiler, a spring relief valve is provided (Fig. 21) 
to avoid damage. When the pump is shut*off, the valves can be removed and 
cleaned or ground in, or 
the gland of the plunger 
packed without letting 
down steam. 

Cleaning Water -feed 

Pipe 

When hard water is 
used, or water contain- 
ing much sediment, the 
passage from the pump 
to the boiler is liable to 
become scaled up. A 
plug is provided, closing 
this passage at the outer 
end, and by removing 
the plug a drill can be 
put through the passage 
into the boiler and the 
passage cleared. 

Protecting Engines in the Open Air 

In the case of all engines working in the open air it is essential that a cover 
should be kept oven the top of the chimney when the engine is not working. 
Otherwise rain falling down the chimney mixes with the soot in the smoke-box 
and rapidly corrodes tfie plates of the smoke-box, the ends of the tubes, and the 

front tube plate of the boiler. o , i.- ui 

Traction engines are generally supplied with a cap for the chimney. Portable 
engines, when the chimney is erected, are in some cases protected by a spark 
catcher, but when the chimney is down, a plate should be put over the chimney 
base to keep out moisture. 

E.W.P. IV— 14 



Fig. 29 .— Mechanical oil pump fitted to cylinder of 
PORTABLE STEAM ENGINE {Ransomc, Sims & JeffrieSt Ltd.) 
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y 30 —Application of •displacement 

CYLINDER LUBRICATOR 

he valve C is connoted with the steam 
to engine by the pipe The lubricator 
inected with the steam main at G. The 
glass is filled with water. Valves C and 
ne on the left being closed, any water* 
ined off at which is then closed. The 
) is removed and lubricator body filled 
oil. The cap is then replaced and the 
egulated by valve on left, the valve C 
kept wide open while working. F, con- 
r. H, outlet pipe. 

When the engines have finished 
work for the day, a tarpaulin 
cover should always be put over 
the engine. This is supplied by the 
makers. A very small amount of 
rain or wet mist will cause serious 
rusting of all the bright parts of 
the engine, and apart from the 
appearance, may damage the working parts. 


CYLINDER LUBRICATION 

Although the speed of steam engines is relatively slow compared with 
internal-combustion engines, the bearing pressures are generally higher, and 
satisfactory running and 


freedom from breakdown 
and repairs can only be 
maintained by paying 
scrupulous attention to 
the lubrication. 

The lubrication of the 
cylinder is the first point 
to consider. 

Mechanical Lubricators 
for Cylinders 

With the use of high 
pressures and superheated 
steam, more positive 
methods of lubrication 
became imperative, and 
mechanical lubricators or 
oil pumps are now used 
for cylinder lubrication 
on nearly all modern 



Figs. 31 and 32.— Single- and double-cup cylinder 

LUBRICATORS 

Suitable for engines running for short periods only, unless 
frequently refilled. No effective control of lubi^cation is 
possible with these types. 
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Fig. 33. — Showing wiper cup fitted to con- 
necting-rod BIG END 

The reservoir R supplies sight-drip feeds to both 
main bearings, the eccentric, and connecting rod. 



Fig. 34. — Lubri- 

cator of THE 

SIGHT-FEED TYPE 


To set the feed, 
lever is raised and 
milled nut is turned 
until desired feed is 
obtained. 



Fig. 35.— 
Wiper lubri- 
cator 

The wiper A 
takes oil off a 
pendent wick 
(see Fig. 33). 


engines. Such a lubricator fitted to the cylinder of a portable engine is shown in 
Fig. 29. One or more deliveries are arranged as the case requires, but each’ 
delivery has its own pump plunger, the stroke of which is variable. 

In the example shown in Fig. 29, the mechanical pump has adjustable feed 
and flushing arrangement which can be operated by hand when desired. 

When mechanical lubricators are used, the small non-return or check 
valves in the delivery pipe need occasional attention, and the end of the delivery 
pipe where it enters the cylinder or steam pipe may get carbonised up and so 
stop the supply of oil. This should be inspected occasionally and cleaned out. 


Displacement Lubricators 

Engines running on saturated or wet steam are frequently fitted with dis- 
placement lubricators (Fig. 30)! These, as the name implies, rely on the oil 
being displaced by condensed steam, the water floating the oil out of the 
lubricator. Sometimes a sight feed is fitted to these lubricators, each drop of 
oil passing to the cylinder being visible. 

The method of Vorking the lubricator is as follows. The valve connecting 
the lubricator with the cylinder or steam pipe is closed. A drain tap on the 
lubricator body is opened and the water drawn off. It is generally necessary to 
open the filler plug to allow the water to escape. When the water is all gone, the 
drain tap is closed and the lubricator body fitted. The filhng plug is then 
replaced and the steam valve opened. If there is a sight feed, the drip is regulated 
by a separate valve to give any rate desired. These lubricators can be refilled 
while the engine is working. 
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Fig. 36. — Front elevation of enclosed high-speed piston-valve 

STEAM ENGINE 


Showing plunger-type lubricating pump driven off eccentric cap. 
Note oil passages through the cranluhaflt and rods (shown dotted). 
Also oil-pressure gauge and relief valve. The oil strainer, removable 
for cleanmg, is shown on bottom of crankcase. (£. Reader & Sons, 
Ltd.) 


^on-mechanical 

Lubricators 

A very old type 
of cylinder lubri- 
cator still much 
used on steam 
winches and other 
engines which do 
not run for long 
periods is shown 
in Figs. 31 and 32. 
With the single cup 
(Fig. 31), the tap is 
turned off, the plug 
on the body re- 
moved, and the 
body filled with 
oil. The plug is 
then replaced and 
the tap turned on. 
The double - cup 
lubricator has two 
taps (Fig. 32). The 
lower is first turned 
off and the cup at 
the top filled with 
oil. The top cock 
is then opened, 
and the vacuum 
formed by the 
condensed steam 
in the body or 
(ower cup draws 
the oil into the cup. 
The top tap is then 
closed and the 
lower opened. 

Dibricating Oils 

for Cylinders 
For low and 


medium pressures any good steam cylinder oil may be used, but for high 
pressures and superheat, special high-flashpoint oils with freedom from tarry 
residue are essential, and the use of an unsuitable oil on any engine using super- 
heated steam would probably ruin the cylinder and valves in a very shbrt time. 
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Oils to withstand steam at a temper- 
ature of 750° F. have for some time 
been available, and this temperature 
represents the highest in general use. 
On the other hand, very little damage 
is done on engines using very low- 
pressure saturated steam if the cylin- 
der is without lubrication for quite 
long periods, the film of water acting 
as a lubricant to the piston rings and 
slide-valve face. One engine which 
worked daily for sixteen years at a 
pressure of 40 lb. had no lubrication 
of the cylinder of any sort during 
this period. On examination the 
cylinder bore, piston rings, and the 
slide valve and its face had a surface 
resembling black glass. 

CRANKSHAFT LUBRICATION 
Ring Oiling 

The bearings on crankshafts of 
steam engines are generally of the 
ring oiling type, the number of rings 
Of chains varying with the size of the 
bearing. As long as the oil is main- 
tained at the correct height in the 
well under the lower brass, no further 
attention is required for long periods, 
but the oil should be drained off, 
the well flushed out with paraffin, 
and fresh oil added every *few 
months. The oil passages and 
channels in the brasses and block 
may get choked up in time, and 
it is advisable ’to inspect these 
clear. 



Fig. 37. — Side elevation of high-speed 

PISTON-VALVE STEAM ENGINE SHOWN IN FIG. 36 
(£. Reader & Sons, Ltd ) 


periodically to see that they are 


Inspection lids asc usually provided in the cap of each bearing, so that the 
attendant can readily ascertain if the rings are working properly. 

In large engines oil is often circulated round the bearings by an oil pump 
driven off the shaft. 


A four-part crankshaft bearing with ring oiling is shown in Fig. 38, whilst 
Fig. 39 shows a two-part bearing with ring oiling. 
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Fig. 38. — Four-part crankshaft bearing with ring oiling {Robey & Co., Ltd.) 


High-speed Enclosed Engines 

High-speed enclosed engines have forced lubrication in many cases. An oil 
pump driven by a hnk off the eccentric cap circulates oil through passages 
drilled in the crankshaft, and by holes drilled in the connecting rod the cross- 
head pin is lubricated. An oil filter is fitted to the pump suction and an oil- 
pressure gauge and adjustable relief valve enables the oil pressure to be regulated 
as desired. The success of this system led to its adoption for high-speed petrol 
and oil engines. 

The oil must be maintained at a given level in the crankcase. Gauge taps or 
gauge glasses are fitted to give this level, and at periodical intervals the oil must be 
drained off, filtered, dried, and can then be reused or fresh oil can be employed. 

Figs. 36 and 37 show sectional views of a high-speed piston-valve steam 
engine. In this engine the lubrication system incorporates duplicate strainers 




Fig. 39.— Two-part crankshaft bearing with ring oiling {Robey & Co., Ltd.) 
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situated in an external 
oil box at the front 
of the engine. These 
strainers are provided 
with automatic flap 
valves which close 
when the strainer is 
removed, thus prevent- 
ing unfiltered oil 
entering the lubrica- 
tion system. As each 
strainer is of sufficient 
area to meet the needs of the engine, it is not necessary to stop the prime mover 
when cleaning is being carried out. • 

Open Slow-speed Engines 

On open slow-speed engines the working parts are lubricated by either 
sight drip feed oil cups, a wiper cup (Fig. 35) being fitte3 to the connecting rod 
and eccentric, or oil boxes with wicks (Fig. 33). 

Open-type High-speed Engines 

Open-type high-speed engines usually have a central oil box fitted with 
drip feeds controlled by needle valves or taps, the oil being piped to the various 
points and bearings. 

When Starting Engine 

Before the engine is started up all lubricators should be filled, and if of the 
sight-feed type (Fig. 34), the needles should be hfted for a second or so to allow 
a slight flush of oil to pass to the bearings. The feed should then be adjusted to 
give the rate of drip required. , 

If a mechanical lubricator (Fig. 29) is fitted to the cylinder, a few turns should 
be given to the lubricator by hand before starting the engine. 

Testing Heat of ’Bearing 

After the engine has been running a short time, all bearings, etc., should be 
felt to ascertain if there is any sign of heating, which will denote, if the bearing 
is properly fitted and adjusted, some failure of the lubrication. This should 
receive immediate attention. 

Cooling a Badly Heated Bearing 

In the event of a main bearing heating badly and a stoppage to attend to it 
being difficult, the bearing may be cooled off by using a lubricant composed of 
black cylinder oil mixed with mercurial ointment, i lb. of ointment to 1 gallon 
'of oil. 

Another lubricant for hot bearings is composed of tallow 1 lb., flake 


■Lids removable'- 


ient Hole 



fnjei from 
Air Pump 


Fig. 40.— Simple iype or oil separator 

Path of water is marked by arrows. The tanks XX arc filled 
with coke. 
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Fio. 41. — Badly scored and reduced piston rod 

Scoring due to neglect and undue tightening of 
the glands. The parts XX show the original size. 



Fig. 42. — Gland bent by 

ILL-USAGE 



Fig. 43.— Metallic packing 

WITH spring adjustment 

Note conical end bushes which 
are split and closed round rod by 
the spring pressure. 



Fig. 44b. — Gland with screwed nut 
and LOOSE gland PIECE 

Generally used for small rods and 
spindles. 



Fig. 44a.— Gland and stuffing box 
—THE most-used TYPE 



Fig. 44c.— a type of gland not 

MUCH USED 

The internal thread tends ip get 
choked with packing. 
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the glands. The parts XX show the original size. 



Fig. 42. — Gland bent by 

ILL-USAGE 
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WITH spring adjustment 

Note conical end bushes which 
are split and closed round rod by 
the spring pressure. 
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The old form of ‘packing 
composed of canvas and 
rubber is seldom used 
now, being very severe on 
the rods. An unsuitable 
packfhg canoause very con- 
siderable damage, and in 
case of any doubt, the 
makers of the packing 
should be consulted. 

If the neck buvsh is 
bevelled, a turn of round 
packing should be fitted 
first, as the square form 
will not readily accommo- 
date itself to the bevel and 
will lead to a lot of follow- 
ing up being required. 



Fig. 47. — Packing ring 


Ends of rings, if cut 
bevelled as shown, assist 
entering in box. 



Fig. 48.~Brokfn air- 

pump VALVE 
Moulded rubber air- 
pump valve broken 

across central hole ; 

valve usually leaves its 
pin and vacuum is lost. 



Fig. 49. — MARiNE-Ti'PE connecting rod 



Fig. 50. — Connecting rod 


With both ends of the gib and cotter type, 
to enter the box far enough to prevent it canting 


Tightening Gland Piece 

After the box is full, 
the gland piece should be 
tightened well down to 
“bed” the packing. It will 
probably be found that 
another turn can then be 
inserted. The gland piece 
should always be allowed 
when tightening up. 



Fig. 51. — Connecting-rod bearing 

ADJUSTMENT 

By driving in the cotter, the brasses are 
adjusted to take up wear 


Cafe should be taken that the 
packing is not nipped between the side 
of the box and the gland piece when 
the box is full, or this will jam the 
gland piece against the rod and cause 
undue wear and damage. 

Pump Glands 

For the pump glands a packing 
termed a greasy packing is used. This is 
applied as in the case of steam packing, 
and is impregnated with a mica base 
lubricant. It should be well bedded, and 
the gland piece slightly slackened off, as 
most pump plungers being of gunmetal 
are liable to score if the gland is too tight. 
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Small Glands 

For the many small 
glands about the engine 
and on the steam valves 
and cocks, a twist packing 
is used. This is comf)osed 
of asbestos yarn well im- 
pregnated with graphite 
and oil. It can be un- 
twisted into any number 
of strands to suit the gland 
being packed and has the 
advantage of never getting 
dry and hard. 


Fig. 52.— Fitiing connecting-rod bearing adjustment Periodical Attention to 

A setscrew X is generally fitted to lock the large cotter. Glands 
A pin is often put through the cotter at the bottom end Z to 

prevent it being thrown out if it became slack. Glands should be 

given periodical atten- 
tion. T 9 wait until the gland blows before tightening is bad practice, as by 
that time the steam may have cut a channel through the packing and only 
repacking will give a tight gland. Tightening should be frequent following 
repacking until the packing is well bedded down. 

On no account should the packing be allowed to wear to such an extent 
that the gland piece “bottoms,” as by that time there is practically no packing 
left in the gland and it may blow out at any time, tightening then being 




Fig. 53.-- Connecting-rod bearing 

ADJUSTMENT 


Fig. 54.— -Eccentric strap and sheave 


A screw adjustment is often provided 
to the cotter and allows of finer acOustment 
than Fig. 51. 


Wear is taken up either by removing 
shims between the faces of the straps or 
by filing off the faces. 
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Fig. 57.— Piston-rod line 

AND CROSS-HEAD ASSEMBLY 




Fig. 58. — Large junk-ring type pistons 


Note taper blocks carried on a spring frame 
with setscrew adjustment for opening rings to 
take up wear. Only one ring shown in plan, the 
top ring and its spring frame being removed. 

Many flange and steam chest joints are made 
with ribbed metal gaskets, usually of annealed 
copper, though brass is sometimes used. It is 
advisable with these joints to ^use a liquid or 
plastic jointing material to ensure tightness, and 
the joints must be followed up when hot. 


Attention to Air-pump Valves 

In condensing engines, the air-pump valves 
must receive periodical attention. These are gener- 
ally disc valves of moulded rubber composition, 
and in time tend to break through as shown in 
Fig. 48. The failure of a valve will seriously affect the vacuum, and a drop in 
the vacuum is usually a sign of valve trouble if the circulating water is ample 
and of the usual temperature. Some pumps are fitted with metal valves which 
are less likely to fail and are only supplied by the makers of the pump. ' 


Used on high-speed 
enclosed engines. See Figs. 
36 and 37. (E. Reader & 
Sons, Ltd.) 
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Bearing Adjustments 

The crankshaft bearings on large steam engines are generally of the four- 
piece type. Practically all other steam engines are fitted with the two-piece type. 
The centre blocks are adjusted up by screw wedges acting on the back of the 
blocks. The wedge screws with their locknuts can be seen on the top of the 
pedestal. This enables a very fine adjustment to be made, and in practice a very 
long period of running is possible before the brasses need any attention or 
renewing. The pedestals in the larger sizes are cast solid with the engine-bed 
plate. 

The ordinary types of crankshaft bearing with two-piece brasses split either 
vertically or horizontally are shown in Figs. 38 and 39. The brasses in the latter 
are adjusted by setscrews in the side of the pedestals. The horizontally split 
brasses are set together in the usual way by filing or milling off the edges and 
then scraping the brass to the shaft. • 

Connecting Rods 

The connecting rods used on steam engines are of two general types, the 
marine (Fig. 49) and the gib and cotter (Fig. 50). Some ro*ds have a combination 
of both, the big end being of the marine type with the small gib end and cotter, 
and vice versa, • 

Taking up Wear in Gib and Cotter Ends 

A gib and cotter big end is shown in Fig. 51, and it will be seen that by driving 
in the cotter the inner brass is forced forward, thus taking up the wear, a 
sufficient gap being allowed in the brasses to enable considerable adjustment to 
be made. The large cotter is then generally locked by a setscrew in the side of 
the rod (Fig. 52). In many cases a screw adjustment is fitteu to this cotter 
(Fig. 53), which enables a much finer adjustment to be made, and is preferable 
to Fig. 51. 

Taking up Wear in Marine-type Ends 

In the marine-type ends, shims, or thin pieces of packing either of steel or 
brass, are fitted between the cup and the road, and adjustment is made by taking 
out one or more of these shinu ks required. 

Eccentric Straps 

The eccentric straps (Fig. 54) are also frequently fitted with shims, and can 
be adjusted by renloving these, but an eccentric strap should always be on the 
slack side. The bearing surface is very great and the least suspicion of tightness 
will cause rapid healing up, and should the strap grip up on the shim, the rod 
will be broken, with disastrous results. 

Taking up Wear in Eccentric Rod Pin 

The pin connecting the eccentric rod to the valve spindle guide (C, Fig. 55) 
is subject to a heavy load, especially in the case of slide-valve engines. To take 
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up wear in the pin, a device as shown in Fig. 55 is often fitte4. By slackening the 
setscrew and driving in the cotter, the bronze block is tightened on the end of 
the eccentric rod and takes up any wear in the pin. The same method is often 
used to take up the wear in the pump plunger as in Fig. 21. 

Crosvsheads ^ 

There are many different types of motion blocks or crossheads, some 
adjustable, others not. Actually the lack of adjustment is not a serious matter, 
as the life of a crosshead, with the slipper blocks, is very long, and many years’ 
work is required to produce any appreciable wear. The crossheads of nearly all 
engines are of the bored guide type. 

Pistons and Rings 

In high-speed engines, rings ami pistons of the Ramsbottom type are 
generally used. Such a piston is shown in Fig. 57. 

The rings, which are of steel, when worn are simply sprung out of their 
grooves and new rings sprung in. 

If the grooves are worn, these arc trued up in the lathe and new rings of a 
wider section fitted. 

The ends of the rings, when sprung into the size of the cylinder bore, should 
not butt, but have a space of 0-001 in. per inch of diameter to allow for expan- 
sion. 

Spring Rings — Rowan Type. — There are many patent types of spring 
rings used in larger engines. One, the Rowan, is shown in Fig. 56, for a solid 
piston, but is also supplied for junk-ring pistons. By the time such rings need 
renewal, the cylinder will need reboring, so it is a question of repair rather than 
adjustment. Large engines generally have junk-ring type pistons, as shown in 
Fig. 58. These are adjustable, and Ae illustration is self-explanatory. 

Governors and Governor Gear 

The chief wear in governors and governor gear is in the pins and links, and 
in many cases no provision is made for adjustment. When wear becomes pro- 
nounced, new pins or bushes are fitted. Fig. 19 shows a well-known type of 
expansion governor, and the number of small» pins and hnks will be noted. 
Although these are generally hardened and ground, wear takes place after long 
service, and renewal of the worn parts is the only satisfactory remedy. 



. STEAM-ENGINE TESTING 


T here are two distinct methods of testing steam engines : 

The first type of test is known as the brake horse-power method. 
This is a purely mechanical test for determining what power is delivered 


by the engine to the crankshaft. The methods of conducting this test are, in the 


main, similar to those described in the section beginning on page 71. 


The second type of test is 
known as the indicated horse- 
power test, which determines the 
actual power developed in each 
of the engine cylinders. 

The Object of the Indicator 

The object 6f the steam- 
engine indicator is to provide a 
diagram showing the steam pres- 
sure in the engine cylinder at all 
positions of the piston. This 
diagram is of great importance to 
the engineer, as it gives a complete 
record on paper of the events 
taking place in the cylinder, and 
it can therefore be used as a 
means for ensuring economy in 
running. Some of the uses to 
which the indicator diagram is 
put are given on page 434. First, 
however, let us consider tfie 
instrument itself. 

Medium-speed Engine Indicator 

Steam-engine indicators vary 
in design according to their make 
and type, but for tho^ purposes of 
this article it is proposed to con- 



sider the medium-speed engine 
indicator shown in Fig. 1 . 

It consists of a piston and 
cylinder connected by means of a 


Fio. 1 .--Dobbie-McInnes medium-speed engine 

INDICATOR 

This may be used both for steam and diesel 
engines. For steam use a cock can be substituted 
for the diesel valve shown. 
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Fig. 2. — Dobbie-McInnes 
“Wade” reducing gear 
J . Bracket. • 

2. Pulley bracket. 

3. Spring-case cover. 

4. Spindle. 

5. Large pulley. 

6. Lower flange. 

7. Upper flange. 

8. Pulley. 

9. Thumbnut. 

10. Spring. 

1 1 . Spring stop. 

12. Pulley block. 

13. Pulley wheel. 

14. Cord detent. 

17. Securing screw. 

19. Pulley thumbnut. 


cock to a tapped hole in the engine-cylinder wall. An air-cooled calibrated 
spring is fitted to the piston rod, so that the travel of the rod is proportional 
to the steam pressure acting on the piston, and this spring is made specially 
strong to reduce the piston travel, thus minimising the inertia effect which would 
otherwise tend to distort the diagram. 

To produce a diagram of readable proportions, the piston rod is fitted with 
a parallel motion, or link gear, working on the pantograph principle, and 
reproducing exactly the movements of the piston but on a larger scale. One 
link carries a pencil with which the diagram is drawn. 

The diagram paper is attached by clips to a reciprocating drum, which is 
connected through a stroke-reducing gear — referred to later — to the crosshead 
of the engine. In this way, every movement of the engine pis.':on is reproduced 
exactly by an equivalent movement of the indicator drum, but on a small scale. 
Diagrams may be up to in. high. 

The indicator cock is two-way, so that when the indicator is shut to the engine 
it is automatically opened to the atmosphere; also, when the jndicator is isolated, 
the engine or tail pipe is opened to atmosphere to allow for clearing away con- 
densed steam. 

The Indicator Redncing Gear 

Owing to the importance of using an accurate reducing gear to minimise 
errors of the diagram in a horizontal direction, illustrations of correct (Figs. 
2-4) and incorrect gears (Figs. 5 and 6) are shown. Fig. 2 shows the Dobbie- 
McInnes “Wade” gear, which is of the differential pulley type. The gear is 
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bracketed to the indicator under the recording drum, and by fixing upper 
pulleys of the requisite diameter it can be made suitable for any stroke from 
6 ft. downwards. The cord guide on the gear can be set at any angle, and has a 
clutch or detent brake to stop motion of the drum, thus allowing the diagram 
paper to be changed. 

The lever-type gear (Fig. 3) is frequently used on marine engines, and is 
fitted by the engine builder. Those who know the properties of “similar 
triangles” can verify that this gear is exact, and that the movement of the in- 
dicator lead is proportional to that of the crosshead. Another gear having 
similar properties is shown in Fig. 4. 

Points which apply to all Types of Gear 

It is difficult to name any one type of gear that can be used universally, as 
many factors, such as space available, position of indicator relative to cross- 
head, engine speed, etc., require consideration. The following points should be 
observed, however, for all types of gear: 

1. The stroke reduction should be such that the iijdicator drum rotates 
backwards and forwards without reaching either of its two stops. 

2. The motion of the indicator lead should always be proportional to that 
of the engine piston. 

3. There must be no play or slackness in the gear. 

4. The indicator lead should be taut, as inelastic as possible, and free from 

kinks. . 1 - u r 

5. Change-direction pulleys for the lead should be few in number, light, oi 

comparatively large diameter, well lubricated, and not slack. 

Preparation for Test 

Suppose indicator diagrams are required from a triple-expansion marine 
steam engine. As there are three cylinders, three indicators and three reducing 

gears are required. • 

A reducing gear is therefore fitted to each crosshead, and a copper pipe is 
led from the top and bottom of each cylmder to a change-over cock screwed to 
take the indicator cock. This enables a diagram to be taken of the steam 
pressures above and below each'of the three pistons of the engine without using 
six indicators, and the diagram from the top of each cylinder is taken on the 

same card as that from the bottom and immediately after it. 

On screwing the instruments in position and adjusting their drumcord 
pulleys, the indicatoY cord, which is specially made for the purpose, is stretched 
from the reducing gears to the drum cords and suitable lengths are chosen so 
that each diagram shall be positioned midway along the diagram pai^r. 

The indicator pistons are removed, cleaned, and oiled, and each is htted 
with a spring of such strength that the particular maximum pressure will raise 
the pencil to a point on the diagram paper just below the top stop; this ensures 
the largest possible diagram being obtained. On reassembling the pistons, the 
indicators are ready for test. 
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Fig. 3. — Lever-type reducing gear 
The above type is frequently used in 
marine practice and is fitted by the engine 
builder. The movement of the indicatpr 
lead is proportional to that of the cross- 
head, this type of gear being quite 
accurate. 



Fig. 4.— Correct reducing gear of 
lever type 

Gear having similar properties to that 
shown in Fig. 3. Movement of lead is 
proportional to movement of engine 
piston. Note the “similar triangles” made 
by position of the different levers. 




Fio. 5. — Faulty reducing gear of lever 

TYPE 

This type of gear does not give an 
accurate diagram. The movement^ of the 
lead is not proportional to the movement 
of the engine piston. The path of the cord 
hook is curved. The use of such a gear 
should be avoided. 


Fig. 6.— Another faulty reducing 

gear of the lever TYPE 

Here again the movement of the lead is 
not proportional to the movement of the 
engine piston. Note that the cord hook 
takes a curved path. It is very important 
that an accurate reducing gear be used in 
order to minimise errors of the diagram. 



Fio. v.—Set of dugrams from three cyunders of triple-expansion marine engine 
The width of the diagrams represents a piston stroke of 39 in., and the strengths of the 
springs used are indicated by the scales of pressure shown alongside each card, the atmospheric 
lines representing zero. The atmospheric line is not shown on the high-pressure card, but its 
position is easily found from the pressure scale. 
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It might be mentioned here 
that the strengths of indicator 
springs are engraved on their 
heads, i.e. a spring marked with 
a strength of 40 means that a 
pressure of 40 lb. per square inch 
on the indicator piston will raise 
the pencil 1 in. 

For a condensing engine, or 
for the low-pressure cylinder 
of a triple-expansion engine, 
part of the diagram is below 
the atmospheric line, and a 
special light spring is used to 
allow for this. The markings of 
such a spring may be, say, “10,’' 
that is : 1 0 lb. per square inch for 
every inch of pencil travel, and “V-f 7,” that is: it may be used from a 
vacuum or from pressures below ajtmospheric up to a maximum of 7 lb. per 
square inch abovef atmospheric. 


Fig. 8. — Typical steam-engine diagram 
AB, gdmission line. BC, steam line. D, point 
of cut-off. DE, expansion line. E, point of release. 
EC7, exhaust or back-pressure line. H, point of 
compression. HA^ compression line. IJ, atmospheric 
line. 


Taking the Diagram 

By means of the indicator cock, the instrument is opened to atmosphere 
and the pencil is placed against the diagram paper. The drum cord is then 
pulled by hand to draw the atmospheric line from which pressure measurements 
are made. 

The cock handle is turned so that condensed steam can be cleared from the 
tail pipe, which is afterwards put into communication with the indicator, the pencil 
meantime being removed from the drum while the cord is hooked to the 
lead from the gear. A short time is allowed for the steam to warm the indicator, 
and a diagram is then obtained. 

When a branqh pipe is used, J;he process is repeated for the other end of the 
cylinder, thus obtaining a seednd diagram on the same card, the atmospheric 
line being common to both outlines. 

Fig. 8 illustrates the essential features of a steam-engine diagram. Steam is 
admitted to the cylinder at A and the pressure rises to E, the piston being on top 
dead centre. This causes the piston to move to C, steam still entering. At C, the 
slide valve begins to close, the steam supply being completely cut off at D, 
From D, the steam expands in the cylinder, driving the piston before it, until at 
E the slide valve opens and allows the steam to escape to exhaust. The piston 
reaches the bottom centre, and during the return stroke pushes the remainder 
of the spent steam through the exhaust port, until at H the slide valve has 
closed. From H to A, what steam is left in the cylinder is compressed to the 
pressure at A, when the cycle is repeated. 
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Uses of the Diagram 

The area of the diagram which represents the work done during the cycle 
is used for finding the indicated horse-power (I.H.P.) of the engine, that is, the 
power delivered by the steam in driving the engine itself and in propelling the 
ship or the machines to which the engine may be coupled. 

The outline of the diagram, showing the positions of admission and release, 
the amount of initial, maximum, and back pressure, and the extent of com- 
pression and expansion, gives a good indication of correct or incorrect valve 
setting which, if incorrect, may seriously increase consumption of steam and 
fuel without addition to the power output. 

Two other valuable calculations, using the indicator diagram, are made to 
find the efficiency of the engine : one is the determination of the hourly con- 
sumption of steam for every I.H.P. developed, and the other that of the mechan- 
ical efficiency (B.H.P. ~ I.H.P.) which shows how much energy is necessary to 
overcome friction in the engine. 



THE OPERATION AND MAIN- 
TENANCE OF STEAM TURBINES 

S uccessful operation of steam turbines depends to a great extent on 
the care and attention given to the machines in service, by which enforced 
“outages” for maintenance are kept to a miminum. 

Steam turbines operating under “idt^l” conditions generally require the 
least amount of maintenance, but unfortunately “ideal” conditions are seldom 
met with in practice. The nearest approach to such conditions are met with on 
“base load” machines, operating at moderate thermal conditions. Such machines 
are known to give years of satisfactory service without requiring major repairs. 

Effects of Faulty Operation 

To illustrate the importance of good operation, some of the extreme effects 
of faulty operation are mentioned below. 

Non-uniform Cooling, — Both the steam-turbine casing and shaft may 
“bow” because of non-uniform cooling after unloading, and during the subse- 
quent start the shaft may rub the gland and labyrinth packings and bow still 
farther. The resulting unbalance can increase to such an extent that severe 
damage may be caused. Turbine makers are well aware of this possibility, and 
where there is the likelihood of such an occurrence they generally equip their 
machines with “turning” or “barring” gear, which enables the shafts to be 
turned at low speeds during shut-down cooling periods and subsequent “warm- 
ing-up” periods in preparation for starting. Operators should be well versed 
in the intelligent use of “turning” gear. • 

Crushing an^ Vibration. — ^ince the rate of heat transfer differs greatly in 
the various parts of a machine*, crushing or distortion of internal fits and sur- 
faces may occur, and the resulting stresses may permanently distort the parts. 

When rotating and stationary parts expand at different rates, mechanical 
contact may occur, with consequent wear pn the rubbing strips which are 
intended to minimise steam leakage between stages. The efficiency of the 
machine would fall off, but no serious mechanical damage would be expected, 
unless such rubbing set up vibration of the rotating parts, when the effect could 
be as severe as that caused by an unbalanced shaft due to “bowing.” 

Distortion by Water “Slugs.” — ^An infrequent but unusually severe 
condition occurs during emergencies, when water “slugs” are carried over from 
the boilers. X^rust-bearing failures, blade failures, and permanent distortion 
may result. 
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It is known that diaphragms will distort when heated or cooled rapidly, and 
this may result in small permanent distortions which become cumulative and 
measurable after many cycles. 

Enough, then, of some of the effects of faulty operation ; let us rather con- 
sider what should be good operation of steam turbines. 

DESCRIPTION OF A MEDIUM-SIZED STEAM TURBINE 

Machines of various makes, types, and sizes differ so much that it would be 
impossible in an article of this length to more than outline them. Let us there- 
fore consider a “composite” machine of what to-day would be termed “medium 
size.” 

Construction Details 

Such a machine would be a 30,000-kW. M.C.R. output, at 3,000 r.p.m., 
with steam input at 600 p.s.i.g. and 850° F., exhausting to twin condensers 
maintaining a vacuum of 28-29 in. Hg. It would be of 2-cylinder design, the 
H.P. cylinder being of the impulse type and the L.P. of the double-flow reaction 
type, i.e. the outlet from the H.P. cyhnder would be led to the middle of the 
L.P. cylinder, the steam path then being divided to fore and aft to twin con- 
densers. one to each exhaust opening. 

Speed of Shafts 

With the need for keeping gland diameters as small as possible, the H.P. 
shaft would have its critical speed in the order of 30-60 per cent, of the running 
speed. The L.P. shaft of reaction type could be of shaft or drum construction, 
and would be considered to have its critical speed above running speed. Modern 
investigations indicate that belief in stiff shafts is not to be rehed on too im- 
plicitly, as the modifying effect of bearing supports may so lower the critical 
speed as to bring it close on the ifunning speed, where the effect would be worse 
than if the critical speed were designed to be well below the running speed. 

Inlet and Outlet Casings 

The H.P. inlet casing would be of carbon-molybdenum cast steel, with the 
H.P. outlet casing of carbon cast steel. The L.P. inlet casing would be of high- 
grade cast iron, while the exhaust casings would be of fabricated mild steel. 

The steam connection between H.P. and L.P. cylinders would be through 
welded steel pipes provided with expansion pieces. 

The shafts would be of nickel steel. 

Blading Design 

The blfiwiing of the earlier stages of the H.P. cylinder would be of hecla 
A.T.V. steel, while the remaining stages and those of the L.P. cylinder would 
be of stainless steel. Where there is the impossibility of keeping blades of certain 
dimensions free from harmful vibrations at the running speed, the manufac- 
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turers will have rasorted to “lacing’* or stiffening certain stages. Prevention of 
blade vibrations is almost entirely in the hands of the designer, but his best 
efforts are nullified when a machine is operated at other than its designed speed, 
either above or below, and operators should always bear this fact in mind. 

The &)Yenior 

Throttle or nozzle governing would be adopted, the first generally for a 
reaction-type machine, and either method for an impulse-type. 

The governor would be of the sensitive centrifugal type, totally enclosed, 
operating through worm gearing at a speed of from 15 per cent, to 30 per cent, 
of the turbine speed. The governor and gear should be capable of maintaining 
the machine speed constant, and have “drooping” characteristics, i.e. a slight 
fall in speed with increasing load, the fall being not more than 4 per cent, from 
no load to full load. “Speeder” gear would be provided to maintain constant 
speed at any load, and this speeder gear should be suitable for remote control. 
The governor should also be capable of preventing a momentary speed rise on 
the sudden loss of full load of not more than 10 per cert, above normal speed. 

One or two emergency governors of the eccentric ring type would be fitted, 
which through associated gear would shut off steam should the machine for 
any reason exceed 10 per cent, above normal. These are sometimes termed 
“runaway” governors. 


The above brief description will be our typical machine on which to con- 
sider operation generally, and which will be dealt with under the following 
headings : Starting and Stopping, including Heating and Draining ; Glands and 
Packings ; Lubrication ; Governors and Emergency Governors. 

STARTING AND STOPPING, INCLUDING HEATING AND 
DRAINING. 

When starting up from cold, the admission of steam to the turbine is accom- 
panied by condensation of some of the steam, as the casing structure and 
internal parts of the machine are much lower in temperature than the admitted 
steam. 

Provision for Drainage 

This condensed water must be removed from the path of rotating blades, and 
also from such parts that normally operate where the steam is superheated. 

Ample provision for drainage is always provided. Some points, such as stop 
valves and steam chests, drain externally, and are normally connected to steam 
traps fitted with bypassing arrangements. There has been a tendency in recent 
times to cut down these external drainage points, it being assumed that with 
superheated steam there will be no drainage except at starting times. Many 
operators have found to their cost that even in the best-regulated steam-raising 
plant, water does find its way into the turbine unless care is exercised. 
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Most other points inside the turbine drain internally to the condenser, 
though there are some points towards the high-pressure end which need draining 
only when starting or on light loads. These are usually under the control of 
the operator, and may be drained externally. These latter drains, though 
necessary during light loads, are not necessary during medium and high loads. If 
left open at those periods the drains will prove a source of considerable loss. 

Working Temperature 

To-day it is recognised that all “warming up” must be done gradually and 
with rotating parts turning, so that they attain their working temperatures as 
uniformly as possible. 

A machine such as we are considering, and with inlet steam temperature of 
800° F. or above, would be fitted with motor-driven “turning gear” to rotate 
the shafts at from 3 r.p.m. to 60 r.p.m. during periods of starting and stopping. 
The turning gear should be set in motion, and as the machine is quite cold the 
duration of “turning” need only be short, a matter of 15 minutes or so. Of 
course, the necessary auxiliary oil pumps would have first been started. 

The Turning Gear 

During this period, while the turning gear is in operation, the operator would 
start up the remainder of the auxiliary plant, such as circulating water-pumps, 
extraction condensate pumps, and air-extraction plant for the condenser. 

Cooling water should be shut off from the oil coolers, to enable the oil to 
reach its operating temperature as quickly as possible. During this period also, 
a rapid survey should be made of the oil circulation, and of the machine in 
general to see that there is nothing amiss. 

Everything being normal, the gland-sealing steam should now be turned on 
and regulated so that a “wisp” of steam issues from the gland vent pipes. 
Partial vacuum of from 15 in. Hg to 20 in. Hg should be established, when live 
steam may be admitted via the throttle or control valves sufficiently to rotate the 
machine at about 10 per cent, oi its normal speed. When the speed of the rotors 
under steam admission exceeds that of the “turning” or “barring” speed, the 
turning gear should disengage, though some makers recommend that the 
turning gear be first disengaged and then live steam admitted to the machine. 

Steam Control 

At this stage, admission of live steam to the machine would be under the 
control of the operator, who would also attend to the drainage as the machine 
warmed up and the condenser vacuum became fully established. 

Steady Speed Maintenance 

Care should be exercised in maintaining a steady speed increase on the 
machine, and the instructions, as issued by the makers, for bringing a “cold” 
machine into service faithfully carried out. Such instructions allow ample time 
for temperature changes on the machine to be gradual and not to exceed 
approximately 200° F. per hour. ' 
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Operating Temperature 

ftesent-day id^s for starting, stopping, or applying load on machines are 
based on this gradual temperature change of the metal masses, that is to keep 
temperature gradients as low and as uniform as possible. Thus a cold machine 
mkes longer to wwm up and reach operating condition than a “hot” machine, 
i.e. one recently having been on load. Likewise, the nearer a machine is to 
operating temperature, the shorter should be the time of run up and loading, as 
it is now realised that a long run-up time actually cools down a machine, 
whereas the effort should be to bring the machine quickly to that load corre- 
sponding to its mean temperature, the whole aim being to minimise the tem- 
perature stresses on the turbine mass. 

Loading Rates 

For the machine which we are considering, the following table may be used, 
and the loading rates for other sizes of machines interpreted as percentage load : 


Mean Turbine ^ 
Temp. 

Starting and Loading Times 

Run-up Time. I L reading Rate. 

Loading Rate. 

H.P. End 

Minutes 

j 

1 

Mw.fMin. 

Percentage Load! Min. 

150 

1 

1 40 

10 

3 

350 

20 

1-2 

4 

500 

1 10 

! ! 

1-5 

5 


An initial steam temperature change of 200° F. per hour may be taken as 
equal to 1 megawatt per minute load change. 

With the turbine at any “steady state” load, above 20 per cent, load, i.e. 
after attaining steady temperatures corresponding to the load, the load can be 
increased to any other value at the rat^ of 20 per cent, full load increase per 
minute at constant throttle steam pressure and temperature. 

At any steady load, the steap temperature may be increased at the rate of 
400° F. per hour, but it must not be allowed to exceed the manufacturer’s 
stated maximum temperature. 

The above may not be possible on some types of machines, and the operator 
must keep to the limits set by the makers. 

Unloading 

Unloading, or decrease of throttle steam temperature, must be carefully 
considered, since the H.P. rotor contracts faster than the casing, and may result 
in los^ of axial clearance on some machines. Here again the maker’s instructions 
must be followed. The cooling gradients are usually low and uniform, and pro- 
vided that the initial steam temperature is maintained, unloading at the rate of 
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20 per cent, full load per minute is possible. Likewise, so long as the steam is 
superheated, the steam temperature may be dropped at the rate of 400° F. per 
hour at any steady load. 

The safest way to unload a machine is to drop all load instantly, provided the 
machine is shut down and the turning gear put into operation. Such a condition 
of unloading is rarely possible, due to the upset on the remainder of the j^ystem. 

Prevention of Vibration at Critical Speeds 

Reverting now to the machine being considered, the operator should care- 
fully watch the machine as the speed is increased, and should any roughness or 
vibration set in, particularly at the critical speeds of the shafts, no further 
acceleration must be attempted ; but the machine speed should be lowered to 
about 10 per cent, of full speed, and ^further time be allowed to warm up before 
again trying to bring up to speed. As mentioned at the beginning of this article, 
attempts to rush a machine through periods of vibration are foolhardy, and can 
only result in damage. 

I 

Viscosity of Lubricating Oils 

Turbine lubricating oils have their correct viscosity in use at an inlet oil 
tempet:ature to bearings of 100-1*10° F. Below these temperatures they are not 
fluid enough for high-speed bearings, so until a temperature of about 85° F. is 
reached, the machine speed should not exceed approximately 75 per cent, of its 
normal running speed. 

The machine should be brought up to speed in accordance with the Table 
of Starting and Loading Times and then put on load. 

Shutting Down the Turbine 

First, the load is removed, and then the steam supply is shut off so that the 
machine coasts to rest. A number of operators record the running-down time 
of their machines. This test, of course, should be under identical conditions as 
regards vacuum and oil temperature. . 

See that the lubricating-oil supplies are maintained, and also the seals to the 
glands. For the type of machine under consideration the “tifrning gear” should 
be put into operation immediately the machine comes to rest, and should be 
kept in operation until such time as the machine is required for further load, if 
this time docs not exceed twelve hours. If the machine is not required for a 
period exceeding twelve hours, the rotors should be turned one half-turn every 
hour of the next twelve hours and every two hours for the next twenty-four 
houfs, or until the turbine mass has cooled to approximately room temperature. 

The Func^n of tiie Timiiiig Gear 

The turning gear serves two purposes: (a) to maintain the shaft in a normal 
or unbowed condition, and (b) to cany away from the bearings such heat as 
would flow along the hot sh^t ; the bearings being in the meantime applied 
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with cool oil while turning. The condition (6) would be satisfied with the turning 
gear in use for a period of about six hours, but condition (a) is only satisfied 
when the turbine mass approaches room temperature, and which normally 
with a well-lagged machine takes approximately fifty hours. An alternative 
method to the half-turn at regular intervals to satisfy condition (a) would be to 
use the turning gear continuously for a period of about four hours before starting 
up a partially cooled machine. 

GLANDS AND PACKINGS 

Turbine glands may be considered under two headings : (a) external glands, 
and (b) internal glands. The purpose of (a) is to minimise the leakage of steam at 
the high-pressure end outwards, and on the low-pressure end to prevent the 
ingress of air. The purpose of (b) is to prevent steam leakage from stage to stage 
inside the machine, and generally applies *to impulse-type turbines. 

Construction 

External glands may be of the labyrinth type, carboil rings, or water seal. 
The carbon-ring type are somewhat limited in size, depending on the rubbing 
speed between shaft and packing, so that for the size of machine under con- 
sideration, the packings would probably be a combination of labyrinth and 
water seals. 

Operation 

As external glands serve two purposes, as explained above, they are usually 
operated in conjunction with each other, that is, the outward leakage at the 
high-pressure end is used to seal the low-pressure end. The various manufac- 
turers have different methods, generally alike in principle, to attain this end, 
which only become operative at above a certain load, and depend on the 
condition of the glands. 

Regulating Valves • 

For our typical machine, the piped connections to the glands should have 
regulating valves to each gland; and would need “live” steam supplies to seal 
under “starting up” and “no load” conditions. As the “leak off*” from high- 
pressure glands would vary, depending on the load carried, a “regulator” would 
be provided to automatically adjust the steam supply to the glands, the excess 
passing through the' regulator to the lower stages in the machine. 

Other refinements would probably be present, depending on the turbine 
manufacturer’s requiiements. 

Glands are necessary evils, and at best account for some percentage of the 
turbine steam consumption. One can readily understand the loss of efficiency 
that may arise from poorly maintained glands and packings, and this should 
not be tolerated in a well-run power-station. 

Internal glands are self-sealing, in that they require no steam supply for 
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starting purposes. They are the best expedient available foa* use in the limited 
space between stages, but the same remarks apply as regards losses and main- 
tenance. 

LUBRICATION, INCLUDING BEARINGS AND THRUST BEARINGS 
Steam shafts when rotating are supported on a wedge-shaped oil film formed 
between the spinning journal and the bearing white-metal lining, so that the 
shaft does not come into metallic contact with the bearing lining. This oil film 
is formed mostly by the speed of rotation of the shaft and not by the pressure of 
the oil supply. 

The Functions of Lubrication 

Without this oil film, the heat generated by friction between the shaft and the 
bearing would be so great as to cause “seizure,” with its resultant damage. 

Lubrication, therefore, serves a twofold purpose: (a) to minimise friction by 
supporting the shafts on an oil film, and (b) to cool the shaft journals which 
become hot due to conduction along the shaft from the steam spaces. 

It is therefore essential to maintain an ample supply of cool, clean^ and correct’ 
grade oil to each bearing and thrust bearing. 

Estimating Oil Requirements 

Considering again a machine of about 30 mW. size, a reserve of oil of 
approximately 2,000 galls, would be required, this being pumped to each bearing 
at a pressure of from 10 to 20 p.s.i. Each bearing (depending on its size) would 
require about 10-20 galls, per minute, and thrust bearings about three times as 
much. The bulk of the oil would be in a “settling tank,” where impurities picked 
up in circulation would have a brief time to settle. 

Pumping the OU 

Manufacturers have various means of pumping the oil. Some have impeller- 
type pumps on the turbine shaft, others have “positive” displacement pumps of 
the meshing-gear type, also driven from the turbine shaft ; but such pumps are 
lowei in speed than impeller type, and are therefore driven through gearing. 

Positive displacement pumps generally deliver at high pressure (up to 100 
p.s.i.) through oil coolers and also provide power for governing relays, etc.; 
finally the oil at a lower pressure passes via relief valves to the bearing supply line. 

Turbine Oils 

suitable oils for turbine use are as quoted in B.S. 489 : 1933, with which 
every operator should be familiar. 

It is hardly necessary to state that the oil must be clean, as any foreign sub- 
stance, particularly of a “gritty” nature, would rapidly cause damage. Rust as a 
foreign substance should particularly be excluded, as it is a powerful catalyst, 
causing “break down” of lubricating oil. 
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Oil supply companies everywhere may be consulted regarding suitable 
turbine oils, and they will no doubt stress the danger of mixing oils of various 
grades. 

High-pressure Lubrication 

As an oil film is only established at a certain velocity (generally a few feet per 
minute), it is sometimes necessary on very large machines and those fitted with 
turning gear to provide a further oil supply to the bearings at extra high 
pressure (up to 1 ,000 p.s.i.) to float the shafts at low speeds. This supply is led 
to the bottom of the bearings, while the normal lubricating supply at 10 to 20 
p.s.i. enters the bearings at about the shaft axis. 

Thrust bearings, whether of the multi-collar, Michell, or Kingsbury type, 
require as careful or even better treatment»than journal bearings. 


GOVERNORS AND EMERGENCY GOVERNORS 

The governors of steam turbines follow the same gentral pattern, but space 
does not permit detailed description of the construction by various makers. 

The governors normally operate at about 15 per cent, of the turbine speed, 
driven by the turfcine shaft through reduction gear of the worm-and-wheel 
type. 

Speed Control 

The Specification for Steam T urbines, B.S. 132:1 930, states that the permanent 
speed variation in a governor must not exceed 4 per cent., i.e. the change in 
speed from no load to full load must not exceed 4 per cent, of the rated speed, 
and that the governed speed must be capable of adjustment within ^ 5 per cent, 
of the rated speed. This adjustment is usually brought about by a spring loading 
additional to the governor itself, this spring loading being adjustable by either 
direct or remote control. Further, this adjustment permits machines to carry 
any percentage load at its rated speed. In parallel with other machines. 

The operator should make hjmself familiar with the governors and their 
associated relay systems for the fnachines in his charge, as these vary from manu- 
facturer to manufacturer. 


Emergency Governors 

All steam turbines are equipped with “runaway” or emergency governors 
which come into operation when for any reason the turbine speed reaches 10 
per cent. ± 1 per cent, of the rated speed. They generally function to shut off 
the steam supply to the turbine. 

Emergency governors are generally of the eccentric-ring or the eccentric-bolt 
type, and are mounted on the turbine shaft. Minor variations in construction 
and adjustment occur with the different makes. 
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STEAM TURBINE MAINTENANCE 

The maintenance work on a steam turbine results from general wear and tear 
in operation and also from mal-operation, and the need for such work shows up 
from a variety of symptoms. 

Checking Performance by Log Sheets 

On all machines log sheets as comprehensive as possible should be taken 
while the machine is in service, and the relevant performance details entered 
hourly. Then, at monthly intervals, the scope covered by these log sheets should 
be made more comprehensive and compared with a log sheet taken under 
similar conditions during the early life of the machine, when it was known that 
the machine was in perfect operating condition. Deviation from the original log 
would indicate the need for maintenance. 

Yearly Inspection 

It is customary, after the first year in service, for a machine to be opened up 
for inspection, and the condition at this inspection should be a guide as to the 
frequency of future inspections, bearing in mind such well-known facts that low- 
pressure blading shows the greatest wear in the first few months in service, after 
which "the wear diminishes, becoming almost static in two or three years. Such 
bladings are known to be perfectly serviceable after fifteen to twenty years in 
service, i.e. for the normal life of a steam turbine. 

Adjustment of Clearances 

At each opening up, a very careful record should be made of the “clear- 
ances” throughout the machine, and these should be compared with the original 
clearance records. The necessary adjustments will become obvious. Increased 
clearances at packings and glands result in inefficiency and should be re- 
adjusted. 

All drains should be thoroughly examined and cleared if necessary. 

Increased bearing clearances and loss of alignment will generally show up as 
vibration, and should be attended to. 

The less frequently the main joints of a machine be disturbed the better, 
unless it be to rectify a leaking joint. 

Blade Washing 

Steam turbines on continuous load frequently show, after a period, a falling 
off of maximum capacity, together with a rise in stage pressures indicating a 
“silting” up of blading or loss in nozzle area. 

This is quite a common experience, and is due to deposits from the steam 
where considerable feed-water treatment is called for. Generally, the full capa- 
city of the machine is easily restored by the process known as turbine or “blade 
washing.” Most of the deposits are water soluble, and a variety of methods 
has been devised to introduce the necessary water for washing. 
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When such a condition arises, it is best to consult the manufacturer as to the 
method most suitable for the particular machine, as neglect would not only 
result in loss of capacity but could cause damage through thrust-bearing 
failures. 

This silting-up trouble is not experienced on machines which are frequently 
stopped and started, nor on machines operated with steam temperatures below 
550° F. 

Trouble Caused by Blade Shedding 

Loss of performance, coupled with increased stage pressures, may also be 
caused by the loss of some blades at one stage or another, the broken blades 
passing to succeeding stages, and deforming them, thus restricting the passages 
to steam flow. Such an occurrence may result in vibration, though blades have 
been shed without the operators being awhre of the fact. 

VIBRATION 

A well-constructed turbine should run with but litifle observed vibration, 
and various experts have from time to time i>uggested standards as a means 
of assessing the degree of vibration 'present on a machine. 

For the purpose of comparison with the* suggested standards, the measure- 
ment of vibration should be in terms of displacement or velocity— preferably 
velocity, as then consideration is given to the speed of rotation. The following 
table may be taken as a guide : 


Classification of Turbine Vibration 


In Terms o f 


Displacement (iw.) 
Amplitude at 3,000 r.p.m. 


Velocity. 
R.M.S. in.lsecs. 


Classification of j 
Vibration j 


Excellent 
Very good . 
Normal 
Slightly rsjugh 
Excessive . 


< 0 0005 
0 0006-0 0012 
0 0013-0 002 
0*002 0 003 
0 D03 and upwards 


< 0 05 
01 
0175 
0-225 

0-25 and upwards 


A good turbine operator will become familiar with the degree of vibration 
on his charges, and will be sensitive to deterioration in smooth running. Changes 
for the worst in running indicate the need of maintenance, and in case of doubt 
the manufacturer should be consulted, for the possible sources causing vibration 
are so varied that to diagnose them correctly would need the services of an 
expert, with possibly a battery of instruments to assist in the diagnosis. 

The figures referred to in the preceding table should apply to the vibration as 
measured at bearing pedestals and housings, and not to odd parts of the machine. 

E. D. E. 


E.W.P. IV— 15 
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STEAM TURBINE MAINTENANCE 
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This is quite a common experience, and is due to deposits from the steam 
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washing.” Most of the deposits are water soluble, and a variety of methods 
has been devised to introduce the necessary water for washing. 
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Levelling and Fixing on Foundation 

Levelling is effected by means 
of wedges and fixing by coach-screws 
or bolts. When concrete forms the 
support, screws can be run into 
wood*blocks embedded in the con- 
crete, as seen in Fig. 1, but many of 
the heavier machines are never bolted 
down, the only thing done being to 
place stop-pins at suitable locations 
just to prevent the possibility of 
shifting. Simple wood or steel wedges 
are utilised to adjust beds and frames ^ 

on their concrete foundations, but i 

^ j . , ’ Fig. 1.— Method of providing hold for 

trie tendency is towards providing coach-screw in concrete foundation 
more precise devices with the ma- 
chines, either lugs with vertical screws or screw-operated wedges. 

Levellmg Screws 

When screws are fitted they press on steel plates sunk a slight distance, 
and after correct level has been effected, the underside of the bed is run up with 
grouting. Fig. 2 explains the arrangement along the foot of a bed for a Pearn- 
Richards universal boring, facing, and milling machine. Large T-slotted plates, 
as employed on travelling-column horizontal-spindle boring machines, have the 
levelling screws sunk below the top surface of the plate, with squared end for 
manipulation by box spanner. 


SL.^. M 


'• » 

Fig. 2.— System of levelling boring-machine end 
Using screws, grouting being afterwards run under the base. 


0) J . 

- -* r ~‘ — 

Fig. 3. — Half-elevation and end view of grinding-machine base 
Showing levelling wedges and end stops. 









Fio. 4. — Layout of set of wedge blocks to level Churchill plano-grinder 
When adjustment of wedge blocks in the pits is completed, they are grouted in position. 


Wedge Adjustments 

Wedges include some connected to the base, others independent. The former 
(Fig. 3) feed forward or backward by operation of the screws passing into the 
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The spirit level is first placed across the bed of the machine near the head- 
stock. Iron wedges A are then driven under the inner corners of the feet at the 
headstock end of the lathe. Adjust the wedges until a correct reading is given on 
the spirit level. Place the spirit level across the opposite end and level up by means 
of wedges B. Take a further reading at the headstock end to see that the alignment 
has not been disturbed. When the bed is perfectly level, wedges C and D should be 
lightly tapped underneath to give support. The spaces between feet and foundation 
should then be grouted up. 

base. Independent wedge outfits, necessary for planing, milling, grinding, and 
other machine beds, consist of units each comprising a» substantial sole-plate, 
and a wedge sliding thereon, by one screw, or a couple, fore and aft. Graphite 
between the meeting faces will ensure a smooth steady motion, permitting 
adjustment to be made without jerkiness. THe layout of a set of levelling blocks 
for a large piano-grinder by the Churchill Machine Tool Co., Ltd., appears in 
Fig. 4. The three sets under the bed each have two wedges like those under the 
standards. The screw heads are protected within pockets, and locknuts prevent 
loosening. 

Pits are cast in the concrete setting, as is evident from the plan view, to receive 
the wedge blocks, and after levelling, all the blocks may be grouted in position. 
The driving motor stands at the left, the bolt centres being indicated. 

Tests for Accuracy of Setting 

Tests for truth of levelling vary according to the kind of datum surfaces 
which are^ present. A simple bed can receive the spirit level direct, or on a 
straightedge if gaps must be spanned. •When there are Vs, as in a planing or 
grinding machine; the top edges .adjacent thereto may have been planed at the 
same setting, and a straightedge can be laid over these edges upon which to 
rest the level. Generally, however, two ground bars of uniform diameter are 
laid in the Vs. The straightedge can then be placed on the bars. 

Longitudinal condition is tested with a straightedge laid along the Vs, and 
level on top of it ; or a wire is strained between supports attached to the ends 
of the bed, midway between the Vs, and a special gauging indicator fixed on 
the straightedge, which rests upon the ground bars, tried along the wire 
successively the whole length. 

Testing for Settlement after Installation 

These tests must be made occasionally, after installation, as the shocks and 
severe duty of a planing machine are liable to induce settlements. It should be 
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Fig. 6.— Testing machine bed for alignment 


mentioned that if the machine has been set up properly, the table will obviously 
be true, as it was planed in the maker’s shop ; it is a mistaken policy to plane it 
over after erection, because if such a practice is found necessary, the trouble lies 
iit the foundation. 

Installation of Motors 

A great deal of detail formerly associated with belt drives has been eliminated, 
especially in respect of large machines, the dr,iving being dope by one or more 
motors. The installation of these often needs n6 attention, as the machine base 
or frame carries them; if mounted a little distance away on the floor, there is 
not much difficulty. Transmission may be by belt, the tension of which may 
be adjusted by sliding the motor along its rails, or a jockey pulley ihay be 
arranged on the outside of the belt to give tension, this applying particularly 
to shprt drives. Direct connection by shaft, preferably with a flexible coupling to 
reduce shocks and compensate for slight faults in alignment, has largely super- 
seded belting, while spur or helical pinion or worm gears are also much used. 

Countersluifts 

Countershaft arrangements involve more care in setting up, to ensure 
parallelism so that belts will track properly. 
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This kind of location is a matter of direct measurement from the counter- 
shaft to the machine bed; or strings can be suspended from near the ends oLthe 
shaft, and measurement taken along horizontally to the machine. Levelling of 
a countershaft may be very nearly correct if beams or stringers are fairly true, 
only slight adjustment by shims under hangers being necessary. 

It. is best to deaden sound by interposing some kind of insulator between 
the feet and the girder, such as wood, leather, canvas belting, or rubber. 
Convenience of mounting may be achieved by employing clips which can be 
slid along to any spot and facilitate alterations. Cross girders for supporting 
hangers are likewise attached to* main beams in a similar manner. Special care 
should usually be observed to use the specified sizes of driving pulleys from the 
lineshaft. If pulleys of an incorrect size are used, not only will the speed of 
the grinding wheels be affected, but the speed and feed tables cast on or 
fastened to the machine will be rendere(>false and misleading. 

Selection of Belts 

Proper selection of belts is also very important, both as to straightness, 
flexibility, and good jointing. Some types of machines are much affected by 
bad belts failing to deliver good results, this being most noticeable on grinders, 
where vibration causes chatter marks. Readers may like also to refer to the 
article on the “Installation of Electric Motors and Auxiliary Equipment” 
(page 104), and to the article on “Power Transmission by Belting” (page 
458) in this volume. 

MAINTENANCE AFTER INSTALLATION 

Bearing in mind that a machine tool has to reproduce accurate cylindrical, 
plane, and varied surfaces, the maintenance is much more than mere attention 
to lubrication, cleanliness, and avoidance of bruising or fracture. 

Changes due to Settlement and Wear 

Changes, some rather subtle, develop, and the maker has to design as well 
as possible to minimise undesirable jreaults therefrom. The best materials, rigid 
construction, and excellence of fitting have the effect of delaying trouble. In 
the first place a strong base oi bed or framing is imperative for the following 
reason. Any settlement in the foundation, or weight of work, jigs, fixtures, etc., 
immediately causes distortion in a comparatively weak structure. This not only 
affects adversely the accuracy of machining, but soon depreciates the principal 
elements by makir/g them wear irregularly. Spindles tend to rub more at some 
sections of the bearings, and knees, tables, or slides bear hard across corners, 
or at certain spots along ways. 

Wearing Surfaces 

Wearing surfaces are now also arranged in better fashion, with more 
extensive contact, and good protection against the ingress of cuttings, dust, 
grit, and foreign matter generally. 
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The familiar narrow guide likewise helps in delaying alignment errors, as 
it gives accurate control, near to the site of the chief action of the machine. 

Beds and Slides 

Extra hard or chilled beds and slides form a valuable kind of wear-resisting 
scheme; some firms adopt hardened and ground-steel bars or “wearing” 
plates, attached to bed tops and slides, if the duty happens to be very severe. 

With regard to lathe beds, the practice of having these hard preserves align- 
ment, since the saddle, being of softer metal, cannot readily wear the bed more 
at one place than another — near the head, for instance. 

Rectification of Errors in Vital Parts 

Several methods are pursued to ractify or compensate for errors when they 
do appear. The more drastic treatment of replaning beds and other items, and 
reboring shaft and spindle bearings, is not resorted to until affairs become very 
bad, or a machine has to be reconditioned for sale. 


Scraping 

Skilful scraping will do a lot (besides correcting w orn or ‘scored bearings), 
such as tilting a headstock to bring the spindle into perfect alignment, or throw- 
ing over a slide for parallelism, or tipping a standard either way. 

Height may also be varied by scraping, to bring any member down slightly 
to suit an altered condition. 
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are available special pads of cork or other material which are»placed under and 
round the normal concrete foundation, or this may be arranged to rest on, or 
be suspended on, a series of springs. In both cases excellent results have been 
achieved. 

Most hammers are secured by foundation bolts, which should not be 
permanently fastened into the concrete but arranged in timber boxes,, with 
special plates at the bottom, so that in the event of breakage the bolt may be 
withdrawn and replaced. 

Forging hammers should have the anvil block set up above the correct 
working position to allow for sinking in the first few months of working. 
A safety mark is normally provided on the hammer to indicate when the 
lowest safe working position has been reached, either as a result of sinking of 
the block, or by reason of wear of the pallets. 

Trouble with an otherwise good foundation is sometimes caused by scale 
from the forgings getting down and working under the block. With drop 
hammers this is usually prevented by filling in all round the block with a weak 
mixture of concrete (x^hich can be broken up if necessary), or with earth. In 
the case of forging hammers, the trouble can sometimes be prevented by 
arranging a sheet-steel cowl round the block above the opening in the baseplate. 
Alternatively, gib-headed wooden packing pieces may be inserted between the 
baseplate and anvil block. 

Forging Hammers 

Pallets.— It is very important that the pallet faces should be kept true, as 
considerable strain is otherwise thrown on to the piston rod. If the faces 
become uneven they should be trued up by machining or grinding. Small pallets 
made in 0-6 per cent, carbon steel usually have the faces hardened, and if they 
have to be softened this can be done by heating to about 860° C. and allowing 
to cool gradually. To reharden, heat to 860° C. and quench the face in cold 
running water to a depth of about half an inch, leaving the pallet in position 
until cold. No tempering is required. There is, of course, always some risk in 
this softening and rehardening both of cracks developing and of the dovetail 
being warped. The latter point should be watched and the dqvetail cleaned up 
if necessary. It is essential that the dovetail should be true and the key a good 
fit along its whole length. When inserting the key put oil or grease on it to 
facilitate removal later. Badly fitting keys are often a source of anvil-block 
breakages. 

Anvil Block. — If the dovetail of a block should be broken olf, it is usually 
possible to efiect an excellent repair by cutting down the block to a considerable 
extent and fitting a separate steel top. This should fit over a dovetail projection 
machined on the block, and be secured by a key, i.e. the recess should be in the 
steel top, not in the cast-iron anvil block. 

Piston Rods. — Piston-rod breakages will occur, but they can be reduced 
by attention to the pallets, as mentioned above, avoiding excessive hammering 
on the pallet edges, keeping the slides properly adjusted, and by care when 
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starting up. Heavy hammering should be done as near the centre of the pallets 
as possible, and unnecessary hammering on thin, cold material should be 
avoided. If the nature of the work inevitably throws extra side thrust on to 
the tup, as, for instance, when drawing down taper packings (or slips), 
lengthened slides are a great advantage. When starting up, particularly in cold 
weather, it is a wise precaution to lay a piece of hot metal on the top of the tup 
alongside the rod before work begins. 

Slides. — Where hammers are provided with slides, these are nearly always 
adjustable, and should be kept adjusted so as to give the tup the maximum 
support. When the tup is pushed hard up against both surfaces of one slide, 
there should be a maximum of 0 01 8 in.- 0-028 in. clearance, according to the 
size of hammer, between each of the other slide faces. This is specially important 
in the lower part of the stroke, and it is an advantage to have a slightly larger 
clearance in the upper portion. The slides should be kept well greased, and, if 
desired, grease-gun nipples may be fitted to the tup delivering grease between 
the tup and slides. 

Piston Rings. — One of the most frequent causes of hammers working 
feebly or irregularly is lack of attention t.j piston rings. Worn rings allow 
leakage, and a broken ring may do .considerable damage to the cylinder. Rings 
should therefore be examined regularly and replaced if necessary. This can be 
done by removing the cylinder cover and hfting the piston head above the top 
of the cylinder ; and it is usually not necessary to remove the rod from the tup. 
The rings should be pegged to prevent rotation. In pneumatic hammers the 
pump rings are often of cast iron, and additional care is therefore demanded 
in fitting. To remove the pump piston, the connecting-rod big-end bearing must 
be taken down. When replacing the pump piston, the trunk rings can be held in 
position by thick grease or by a piece of string which is pushed up as the trunk 
enters. 

Removing Tup from Rod • 

In most hammers with slides the piston rod is tapered at the lower end to 
fit a conical hole bored in the tup. Sometimes a copper liner is inserted between 
rod and tup. If if is necessary tp remove the tup from the rod, this should be 
done before dismantling the hdmmer, as follows : drive out the tup pin, remove 
the pallet, and insert in the hole in the tup under the rod a steel punch of such 
length as to keep the pallet when replaced about i in. clear from the face of the 
tup. Key up lightly, and strike one heavy dead blow, which is usually sufficient. 
If difficulty is experienced in loosening the tup, heat it back and front and 
proceed as above, before the heat has time to penetrate to the rod. Great care 
must be exercised in raising the rod, when separated, to prevent it striking the 
cover. 

Some makers use a ball-and-socket arrangement for securing the tup of 
large hammers, the ball end of the rod being held between steel cup pieces, 
above and below which are alternate packings of hardwood and steel. The 
whole is secured in the tup by cotters or by a dovetailed cap. The cotters should 
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be driven well home and secured by a steel pin or ring at the small end. The 
cap**is secured by a steel key or keys, but requires forcing down on to the 
packings before the key can be inserted. Screws are usually provided for this 
purpose. 

Steam and Air Hammers • 

Any steam hammer may be driven by compressed air, if desired ; but as the 
working temperature is much less with air, the clearances can be reduced. As 
a rough guide it may be taken that the piston clearance in an air hammer 
should be about 0-0005 in. per inch of dialneter, and for steam hammers 
0-001 in. per inch of diameter. 

Steam Hammer Joints. — These should be watched, as a leaky joint will 
result in feeble working. Steam leaks are visible, but air leaks are not. To repair 
these, a special jointing material is used. Where hammers are fitted with a 
separate valve chest a hole is usually drilled into the cavity between the top and 
bottom ports, so that should the joint between the cylinder and valve chest 
break, steam will esciv^e and show up the fault. The jointing material must 
extend, not only round the flange, but also across the face so as to separate the 
two ports from the cavity. 

Arrangement of Steam Pipe^. — In fixing steam piping, care should be 
taken that it falls in the direction in which the steam travels. A steam trap 
should be arranged at the end of the steam main. All branch pipes should be 
taken from the top of the main and the last branch should be 3 ft. or more 
from the end of it. It is convenient to have flanged joints near to the hammer, 
and pipes there should not be too rigidly fixed or should be flexible. 

Drain Pipes. — Arrange a valve on each of the pipes from the stop valve, 
control valve, and cylinder before they are joined together, or make very sure 
that live steam cannot escape to exhaust. Always open up all drain pipes for 
a few minutes when starting up. 

Stuffing Boxes. — Makers us^ually recommend a fairly soft packing, but 
some of the proprietary brands can be used with success. In repacking take care 
to tighten up the gland evenly all rouhd, and use only sufficient pressure to 
prevent leakage. - , , 

Lubrication.— A lubricator, either hand opiated or automatic, is normally 
supplied by the maker, A good cylinder oil should be used, of a type that will 
emulsify. For air-driven hammers a machine oil is recommended. There should 
be a back-pressure valve between the cylinder and lubricator. 

Valve Gear.— Wear inevitably takes place in the quiclcly moving parts •of 
the valve motion, and in time the accumulated lost motion becomes excessive and 
^ the valve setting is affected. It then becomes necessary to fit new pins in all joints. 

Pneumatic Power Hammers 

Much of the information given above applies equally to these electrically 
driven hammers. Special points are dealt with below. 

STUFnNG Boxes. — Hammers with normal piston rods and separate tups 
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ordinarily have stamped-steel stuffing box containing a strong Spring and 
separate neck-ring and collar bush of phosphor-bronze. The packing, \sifeich 
should be of the soft variety, is automatically tightened by the spring. When 
necessary, an addkional ring of packing can be inserted to make up for wear. 
Hammers of the clear space” type, with a large-diameter ram, have separate 
steel-packmg pieces which bear against the flats on the ram. As wear takes 
place these must be packed out with shims. Asbestos-tape packing strips are 
arranged in the stuffing box, but the principal function of these is to prevent 
dirt being drawn up into the box and to ensure that the ram is properly 
lubricated. Reliance is placed oil the fit of the stuffing box to prevent leakage. 

Lubrication. — Some hammers are provided with hand-pump lubricators 
as mentioned above, but the more modern designs have automatic lubrication 
from a sump arranged in the baseplate. In such cases a sight-feed is provided 
on the pipe to the cylinders, and this should be filled with water, or preferably 
glycerine. The screw adjustment for flow should allow the passage of just 
sufficient oil to keep the ram slightly oily. The oil filter, if provided, should be 
used at least once a day. In water-cooled hammers ther^ is a tendency for water 
to collect at the bottom of the sump, and thi^ should be drained away regularly. 

Valves. — These do not normaljy move with each blow of the hammer hke 
a steam-hammer* valve, but are provided with two or more one-way valves of 
the disc type. If a hammer begins to work erratic^iliy, a sticking or broken disc 
should be suspected. 

Drives. — It is important that the voltage shown on the motor is actually 
available at the terminals, as otherwise the motor may slow up or overheat. 
Fuses and overload releases should be set to carry about li; times the full-load 
current, and if the supply is A.C., time lags should be provided. 

Friction Drop Stamps 

The mechanism of these machines is simple, the parts are easily seen, and 
there should be little to trouble the millwright. It is of primary importance that 
adjustments when necessary should be made promptly. The shaft bearings are 
usually ring-lubricated, but lifter-arms*require the use ot the grease gun, maybe 
twice a day. The/riction band sjiould be free on the drum when at rest, and the 
length of the lifting belt should be such that with the dies just touching the arm 
may be lifted about 2 in. from the buffer. The lining of the friction band can be 
renewed when worn, and it is wise to have a spare band which can be put into 
use while this refining is done. The surfaces of the tup, dieholder, and anvil 
block must be remachined if they become badly indented by use. When adjust- 
ing the tup guides, allowance must be made for the expansion of the tup as it 
heats up. If automatic gear is provided, the adjustments of the pulling cord 
and lifting belt must be watched with extra care, to avoid snatching. If work 
has to be done on the dies, the tup should be propped up on a baulk of timber— 
not on the steel hold-up prop. 


D. L. P. 



POWER TRANSMISSION 
BY BELTING 

O NE method of transmitting power to a machine by mechanical means 
is to use a belt drive. For this purpose either flat belt or V-belts may 
be used. The latter is really a modification of the flat belt, and was 
originally developed to meet the need Jfor large power drives then unobtainable 
with flat belts. However, modern treatments of leather have produced flat belts 
suitable for these drives. Both types may be made from either leather, canvas, 
or rubber, depending on the form of drive required. 


FLAT BELTS 

In addition to the ordinary type of leather belting, a belt*made from links 
of leather has been developed. The links are fastened together in pairs by steel 
pins, the belt running on the edge of the link, and the grain of the leather lying 
at right angles to the face of the belt. This double link construction increases 
the strength of the belt. When the pulleys to be used are cambered, the belt is 
made with a flexible centre, which allows the full width of the belt to contact 
the pulleys. 

Balata belts are usually canvas or cotton belts impregnated with balata, 
which renders them specially suitable for heavy duties. 

To join or make endless a flat belt, one of the following methods may be 
used, namely, lacings (principally used on leather belts), metal fasteners of 
various kinds, and cemented or solutioned joints. Excellent results can be 
obtained from both metal-fastened and'* laced joints, but the cemented joint, 
when properly made, constitutes what is really an endless beh, and eUminates 
the disadvantages to which a badly made metal dr laced joint can be subject. 


Cemented or Endless Joint (Balata Belts) 

To make an endless joint, the first thing is to decide oii the length of lap 
required. The following data gives the sizes for balata belting : 

From 1 in. to 2 in. wide up to 10 ft., 6-in. lap. 

Over 10-ft. lengths up to 12 in. wide, 12-in. lap. 

Over 12 in. wide, length for breadth, i.e. 14 in. wide, 14-in. lap, etc. 

To splice a 5-ply balata belt with a 12-in. lap, first pare round edge back to 
12 in. The covering matter is then scraped from the belt ends back to the mark 
or butt of splice. The belt end is then heated gradually at a stove or by means of 
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« a"“TOP in.Y CUT TO WITM.N 'VoF auTT S PLY ,6BUT. 


Fig. 1.— SFlice for 5-ply balata belt 

With a lap of 1 2 in. Showing how the two ends are stepped for cementing together to make 
an endless belt. Note how the second top ply is cut back to within ^ in. of the butt, the top 
layer being cut to within 3 in. of the butt. 

• 

heated irons to soften it for opening up. The top ply is removed to within 3 in. 
of the butt, afterwards the second ply is removed to within i in. of the butt (in 
every case of multiple plies the second ply is removed in this manner). The third 
ply is removed to within 6 in. of the butt, and the fburth ply to within 9 in. 
The edges of the steps should be pared down to avoid any abruptness in the 
finished joint, ^nd the surface of the steps roughened to allow solution to 
penetrate the fabric. 

When both ends of the belt have been prepared as above, they will be ready 
for the solution, which can be obtained from belt manufacturers. The solution 
must be brushed well into the fibre with a stiff short-haired brush once lightly 
and once heavy, thus giving two coats. The belt should now be allowed to stand 
for about thirty minutes to enable the solvent to evaporate. The ends should 
then be heated for a second time, and the ply marked 4 is stuck down over the 
i"in. piece where the ply was removed. The joint is now ready for final heating, 
which must be gradual and not above 150° F. in case the solution catches 
fire. The ends are now pressed down carefully ‘and squarely and placed in a 
press, which must be first wetted to prevent the belt from sticking. The splice 
should remain in the press for about tgn minutes, after v'hich it may be removed 
and allowed to cool. The edges can then be carefully pared and rounded over 
with a warm krlife. No ragge^'edges must remain, and the covering should be 
dressed over the raw edges. 

Cemented or Endless Joints (Leather Belts) 

In order to splice a leather belt, the use of a spokeshavc is necessary. With 
this the leather is tapered away from the butt or splice mark to the end of the 
belt. It is better to tio the rough work with the spokeshave and then trim with 
a scraper or very sharp knife. The taper should be true and gradual, and there 
must be no lumps behind the butt. 

The glue used must be hot, and should be worked well into the belt. The two 
ends are then brought together, rubbed with a slight pressure, and then placed 
in a clamp or press, where it should remain until the glue is thoroughly set. 
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Fig. 2. — Spi icing balaia belt 

Showing how second top ply is cut back to ^ in. of the butt. The worker is 
holding the longer top ply with his left hand. 



Fio. 3.— Splicing balata belt 


Pressing the ends in press block after solutioning and heating. Block must 
first be wetted to prevent belt from sticking to it. Allow belt to remain in press^ 
for ten minutes. 
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Fig. 4.— Endless ’ lap for 

SINGLE LEATHER BELTS 

• 

Belt is tapered at each end. 
The ends are then joined with 
glue or cement. 

Two cpats of glue should be given. Alternatively, the ends may be joined, 
using waterproof cement, which may be applied cold. 

The following table gives the minimum amount of lap required, although 
alterations may have to be made to suit particular service conditions : 



Width of Single 
Belt in in. 

Length of Lap 
in in. 

1-41 

« 41 

5 

5 

6 8 

, 6 

9 

; 61 

10-14 

7 

15-24 

8 


All double belts should have a 6-in. lap at least. 


Metal Fasteners 

There are many kinds of metal fasteners, and there are types for every kind 
of service. If a good type of fastener is selected, the belt joint should not give 
any trouble. 

When cutting a belt for a metal fastener or for a laced butt joint, a metal 
square should be used. This is to ensure that the cut is at right angles to the 



Fig. 5.— Method of cutting broad belts 
Using a short metal square. Note small nails on centre line to steady the square. 
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centre line of the bdt. If a square is not 
employed, one or both ends are liable 
to be cut unevenly, and these conditions 
cause the belt to slip from side to side of 
the pulley and impose irregular strains 
which will shorten the life of the belt. 
The knife blade should be made wet 
occasionally to make it cut easily. 

Sometimes it is difficult to cut a wide belt square on account of slight 
variations in the width of the belt, and because the sides may not be parallel. 
If this is so, the following method should be satisfactory. 

Find the centre of the belt near the point to be cut, then at a point 2 ft. or 
3 ft. back from this dimension locate the centre again and between these two 
points draw a clean sharp line. N^xt hold the leg of the square against the 
centre line just made, and trim off one half of the end of the belt by cutting 
along the other leg. By laying the square on the other side of the centre line the 
other half can be cut^The square should be firmly held in position while this is 
being done, and if two small nails are driven in the belt on the centre line, they 
will help to keep the square from slipping. 

u 

Lacmg a Belt 

In punching a belt for lacing, it is desirable to use an oval punch, the longer 
diameter of the punch being parallel with the belt, so as to cut off as httle 
leather as possible. Two rows of holes should be made at each end of the belt. 
The punched hole should be smaller than the lace width, so that the lace can 
bend and fill the hole. Do not punch a hole larger than is absolutely necessary 
to draw in the lace. Begin to lace in the centre of the belt, and care should be 
taken to keep the ends exactly in a line and to lace both sides with equal 
tightness. The lacing should not be crossed on the side of the belt that runs 
next to the pulley. , 

The size of laces for various widths of belting should be as under : 


--- - 

Width of Belt 
' in in. i 

Width of Lace 

< in in. 

• 

24 and over • i 


^24 i 

i 

2-4 ! 

•A’ 

2 and less 



PuUeys 

Pulleys are made in various designs and of different materials, according to 
the speed at which they must run and the power to be transmitted. 

In some instances, generally owing to the speed of the driven machine, it is 
necessary to have comparatively large pulleys, although only a small power is 
to be transmitted, and for such cases wood or pressed-steel pulleys are useful, 
as they are light and cheap. 



Fig. 6. — Belt lacing 
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For medium and heavy drives 
cast-iron pulleys are standard prac- 
tice, ordinary designs are gener- 
ally suitable for rim speeds up to 
4,000 ft. per minute. For higher 
speeds (up to 5,500 ft. per minute) 
it is usual to make the pulley so 
that it can be accurately balanced. 

When several pulleys are placed 
in a shaft, additional load is pul 
on the bearing, and this is an 
important point in favour of 
wrought-iron pulleys, which are 
comparatively light and strong. 

The usual design of wrought-iron 
pulley has a cast-iron hub with a 
wrought-iron rim; pulleys up to 
10 in. wide have one row of arms, 
wider pulleys may have two or 
three rows of arms, according to 
duty. For speeds over 4,000 ft. 
per minute and for arduous duties 
it is usual to adopt a form of treble-riveted construction, which gives more 
stiffness to the rim. Small high-speed motor pulleys are generally made of cast 
iron and of plate centre construction. 

Pulleys should be wider than the belt and the rims slightly convexed; a 
pulley 12 in. wide should be increased in diameter at the centre not more than 

in. Fast and loose pulleys should have slightly crowned faces, but the 
pulleys from which they receive their drive should, be flat. 
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'Fig. 7.— Punching leather belts for leather 

LACING 

Oval punch holes parallel with belt. 


Flat-belt Drives 

Through the C9urtesy of Messrs. John Tullis, Ltd., we are able to reproduce, 
on page 466, formula which ihay be used for calculating the length of belt 
required for various types of flat drive and also the data required for calculating 
pulley sizes and horse-power transmitted by flat belts. 

llic individual short-centre drive is one of the most popular drives used 
to-day. In nearly all cases of short-centre driving there is usually a high ratio 
between the two pulleys, and the larger the ratio the heavier the belt which can 
be employed. It has bfeen found that the belts used on these drives transmit the 
power more uniformly and efficiently and are also less costly to install and to 
maintain. Losses due to the decreased arc of contact on the small pulley can be 
largely compensated for by increasing the thickness of the belt, and fully 
covered by increasing the width. The thickness of the belts used vary from 6 mm. 
to 12 mm. according to the diameters of the pulleys and the horse-power 
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required 'to be transmitted. The uniform tension at which flat belts operate 
giiss an advantage over multiple drives, which are exceedingly sensitive to 
tensions and seldom work at the same tension owing to uneven stretch. 

Another type of transmission system is the modern group drive. With this 
arrangement it is possible to drive from two to ten machines from one motor 
instead of individual drives for each. The size of a motor for an individual drive 
is determined by the peak or starting load. In every case a motor must be large 
enough to maintain the speeds required by production at maximum load with- 
out overload. In modern group driving, owing to the fact that peak or starting 
loads rarely overlap, the motor carries only the average load. Maintenance and 
installation costs of an individual drive far exceed those of the group drive. 

Care' and Maintenance of Belts 

A reliable belt dressing, used sparingly but frequently, will keep the belt in 
good condition. The use of preparations which leave lumps on the belt or 
pulley is to be deplored. Care should always be taken to prevent oil getting on 
the belt, as this will c?iuse loss of power by slip and is particularly harmful to 
balata or cotton belts, tending to separate the plies. An application of ground 
chalk will absorb the oil on a leather belt and make it workable for a time. 

In order to get the best use from a belt drive correct length and arrange- 
ment are essential. In the case of a balata belt the canvas side is the driving 
face, whether the drive is crossed or open. The correct driving side for leather 
is usually the grain side, but adequate belt dressing will enable the flesh side to 
transmit power equally as well. In the case of a good leather belt the grain side 
should transmit nearly twice the power conveyed by the flesh side. The flesh side, 
which has the greatest tensile strength, will stand the stretching strain necessary 
in the outside bend around the pulleys. The flesh side being the stronger, must 
be protected from wear. Rubber belts, especially wide ones, should never be run 
on to pulleys. For endless befits, the best method is to take out both shafts, place 
the belt in position on the pulleys, and replace the shafts in their bearings. The 
maximum speed at which a rubber belt should be operated is 5,000 ft. per 
minute, but greater life is obtained when the speed is kept under 4,000 ft. per 
minute. ' * . ‘ 

If a belt is overloaded, the use of a rider belt running loose on top of the 
main belt will increase the power by about 75 per cent. Rider belts should, 
however, not be run on small-diameter pulleys. Crossed belts should not be 
used for short-centre drives. . 

FAULTS IN FLAT-BELT DRIVES AND THEIR CORRECTION 
Belt Running Badly 

The alignment of pulleys and/or shaft may be faulty. 

One or both of the pulleys may be badly aligned. 

If steam is coming from the engine irregularly, a wave motion .will be 
imparted to the slack side of the belt. 
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A heated bea/ing — the result of failure to lubricate — will have this 
effect. 


Slipping of Belt 

Slip is evidenced by the pulley face becoming polished. In the case of a 
balata belt, a few drops of castor oil applied to the face of one of the pulleys 
or the driving side of the belt will probably cure this. It is better to use one of 
the recognised dressings on the market for leather belting. 

If the belt is still found to be slipping, it should be shortened. 

Slip may also be due to the belt being overloaded. This may be checked by 
reference to the manufacturer’s horse-power tables, making due allowance for 
intermittent loads, arc of contact, and working conditions. 

The belt may be too heavy for the smill pulley. 

The pulley centre may be too short, belt contact therefore being lost. 

If a longer drive cannot be arranged, a jockey pulley or gravity idler may 
be installed with advantage. 

The belts may be too narrow. A broad, thin belt is always preferable to a 
narrow, thick belt. 


Belts coining off Pulley 

It may be running at an excessively high speed. 
The alignment of the pulleys may be at fault. 
Joint may not have been cut square. 

Belt may be overloaded. 

Incorrect tension may be the cause. 


Fraying at Belt Edge * 

Flanged pulleys may be the cause ; these sci ve no useful purpose and may be 
discarded. • 

If the shifter is being forced over instead of eased over, it will wear the 
edges and buckle*the belt. Rollef forks should be used where possible. 

If metal fasteners are used to join a belt running on a fork drive, they will 
strike and barb the forks if they are too close to the edge of the belt. The forks 
in turn will destroy the edge of the belt. 


Loss of Power 

A belt put on the pulleys too tight causes unnecessary strain on the bearings, 
and also on the belt. It will develop less power than if put on at the proper 
tension. Generally speaking, the more slack in a belt up to slipping point, the 
more power will be transmitted. This does not apply in all cases, however, as 
certain drives require a tight belt. 
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BELTING FORMULA FOR FLAT BELTS 

tT> 

The following formulae and application are supplementary to th^ engineer- 
ing service given by manufacturers on specific drive problems : 

The symbols used in the formulae are : 

D = diameter of large pulley. 
cl ~ diameter of small pulley. 

C = distance of shaft centres. 

W — width of belt. . 

R.P.M. = revolutions per minute. 

S = speed of belt in feet per minute. 

C.E.T. = corrected effective tension. 

To find butt length of belt requifed : 


(1) When pulleys are approximately the same diameter: 
Add together A and B. 



= lift. 10 in. 


(2) When ratio of pulley is 2 — 1 or more : 
Add together A, B, and C. , 

D A- d 

A = — y- X 3-14; e.g. 



= 14 ft. 9i in. 


Butt length 
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(3) When belt is crossed : 

Add together A and B. 

D + d 

A = — ^ X 3*14; e.g. 

29 + 6 in. 

A = 2 - X 3-14 
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jm 


B^2 
B 


,2 ^ 

2 p 602 - 125 00 in. 



Butt length = 179-95 in. 

- 15 ft. 

To calculate the changed length of a belt when a different size of pulley is 
put on in place of one removed: ad^ to, or subtract from, the present length 
of belt, one and 4 half times the differenc* in diameters of the old and new 
pulleys, e.g. take off 10-in. pulley and put on a. 16-in. pulley; difference in 
diameters is 6 in. Multiply 6 x IJ = 9in. of new belting to be added to 
existing one. 

To find diameter of driven pulley: 


Diameter — 


Diameter of driver x R.P.M. of driver 


e.g. 


R.P.M. of driven 
10 in. X 250 R.P.M. 

125 R.P.M. 


= 20 in. diameter. 


R.P.M. = 


To find R.P.M. of dnven pulley: <* 

Diameter of driver a R.P.M. of driver 

• - 

Diameter of driven 
• 10 in. X 250 R.P.M. 

20in. =125R.P.M. 

To find belt speed in feet per minute (F.P.M.) : 

Diameter in inches x 3-14 x R.P.M. 

5- 

10 in. x 3-14 x 250 


eg. 


12 


654 F.P.M. 


Effective tension of leather belting : 

The pull per inch of width with 180° arc of contact is : 

Single-ply . 50 lb. per inch of width. 

Double-ply . . 80 lb. per inch of width. 
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Thret-ply is capable of developing and withstanding 'in effective tension 
eqMal to twice that of a single belt. 

Effective tension must be corrected when the arc of contact on the smaller 
pulley is less than 1 80°, or if thickness of belt is less than standard. 

To find the arc of contact on the smaller pulley when the drive is open and 
without idler or jockey pulleys : 

Arc of contact 1 80° — 

Centres m inches 

60 (25 in. 5 in.) , 
e.g. 180 — = 140 

30-in. centres 

A tabic giving the arc of contact correction factors for V-belts will be 
found on page 480. 

To find horse-power belt will transmit: 

C.E.T. in lb. per inch x IV x S 

u p - - 

33000 

(Example: 3 in. x 4 mm. single belt at 1,000 F.P.M.) 

45 X 3 X 1000 , , 

= " " -^'l H.P. belt will transmit. 


Tc find width of belt required: 

H.P. X 33000 

~ C.E.T. in lb. per inch x S 
(Example : H.P. required, 5; belt speed, 1,000 R.P.M.) 

4 x 33000 , . ^ 

^• 45 x 1000=- '^'"- Say 3-in. single belt. 

It should be remembered, however, that the examples only take into account 
the correction for effective tension, and the answers must therefore be considered 
theoretical, being based on engineering formulae. In practice many other 
factors must be considered before arriving at the horse-power which a belt will 
safely transmit, such as atmospheric conditions and the nature of the load. 





Fig. 8.— Section of V-type belt 

This example is made with cotton duck impregnated with balata gum, similar to 
balata belting. 
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Minimum befit 
speed should be not 
less than 200 ft. per 
minute. Maximum 
belt speed should be 
not more than 
5,000/6,000 ft. per 
minute. Over 4,800 ft. 
per minute the centri- 
fugal force of the belt 
has a tendency to lift 
the belt from the face 
of the pulley, thereby 
reducing the arc of 
contact and the horse- 
power transmitted. 

Pulley Align- 
MENT.—Belting can- 
not give good results 
if the pulley or sh^t- 
ing is out of align- 
ment. Alignment 
should be checked 
once per year, as the 
shifting of heavy 
loads on floors above 
may be the cause of 
distortion. 

If the drive has 
a heavy starting 
torque or fluctuating 
load, it is always 
advisable to belt for 
the maximum horse- 
power. Let the belts be on top of their work in preference to working to their 
overload capacity. A belt having an inch or two to spare over the rated width 
will amply repay the slight extra initial cost, 

V-BELTS 

These belts may be composed of layers of leather or alternative layers of 
fabric and rubber with balata covering. With the exception of the leather 
variety, all belts are moulded in one piece to the required specifications, and 
therefore do not have to be joined. V-belts have also been made with steel 
cables sandwiched between two layers of rubber. Special belts are also rnanu- 
factured having heat- and oil-resisting properties. For V-belt drives the ordinary 
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^FflRE COTTON MILL (7. H. Fenner & Co., Ltd.) 
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fkt pulley is usually 
replaced by single 
multi- grooved 
pulleys to allow the 
belt to have a wedge- 
grip inside. However, 
on drives with a 
speed ratio of 3 to 1 
or more, it is possible 
to replace the 
grooved pulley by a 
flat pulley. The fric- 
tional grip provided 
by the base of the 
V-belts on the flat 
pulley will not then 
be less than the 
wedge-grip in a 
grooved pulley. The 
grooved pulleys are 
mostly made of cast 
iron, and it should 
be understood that 
the grooves must be 
accurately turned 
and the pulley care- 
fully balanced if 
trouble is to be 
avoided. 

For best life and 
service, pulleys larger 
than the maker’s 
recommended mini- 
mum should be used, 
and the centre 
distance should be as long as reasonably convenient. A drive working with 
minimum diameter pulleys and shortest centre distance cannot be expected to 
give as long a life as one using larger pulleys and working at long centres. In 
these cases the number of belts should be increased, so as to counteract the extra 
wear and tear. The normal minimum centre distance should be not more than 
the diameter of the larger pulley, and for shorter centres than this 20-30 per 
cent, more belts should be used. A useful criterion for wear and tear is the 
number of trips the belts make in space per second, five or six being a normal 


Fig. 10.-— a drive to a 10-ton overhang , crank press using 

THREE V-BELTS 

The belts transmit power* from a 1-h.p. electric motor at 
940 r.p.m. {Humphris & Sons, Ltd.) 


figure. 
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Minimum befit 
speed should be not 
less than 200 ft. per 
minute. Maximum 
belt speed should be 
not more than 
5,000/6,000 ft. per 
minute. Over 4,800 ft. 
per minute the centri- 
fugal force of the belt 
has a tendency to lift 
the belt from the face 
of the pulley, thereby 
reducing the arc of 
contact and the horse- 
power transmitted. 

Pulley Align- 
MENT.—Belting can- 
not give good results 
if the pulley or sh^t- 
ing is out of align- 
ment. Alignment 
should be checked 
once per year, as the 
shifting of heavy 
loads on floors above 
may be the cause of 
distortion. 

If the drive has 
a heavy starting 
torque or fluctuating 
load, it is always 
advisable to belt for 
the maximum horse- 
power. Let the belts be on top of their work in preference to working to their 
overload capacity. A belt having an inch or two to spare over the rated width 
will amply repay the slight extra initial cost, 

V-BELTS 

These belts may be composed of layers of leather or alternative layers of 
fabric and rubber with balata covering. With the exception of the leather 
variety, all belts are moulded in one piece to the required specifications, and 
therefore do not have to be joined. V-belts have also been made with steel 
cables sandwiched between two layers of rubber. Special belts are also rnanu- 
factured having heat- and oil-resisting properties. For V-belt drives the ordinary 
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fkt pulley is usually 
replaced by single 
multi- grooved 
pulleys to allow the 
belt to have a wedge- 
grip inside. However, 
on drives with a 
speed ratio of 3 to 1 
or more, it is possible 
to replace the 
grooved pulley by a 
flat pulley. The fric- 
tional grip provided 
by the base of the 
V-belts on the flat 
pulley will not then 
be less than the 
wedge-grip in a 
grooved pulley. The 
grooved pulleys are 
mostly made of cast 
iron, and it should 
be understood that 
the grooves must be 
accurately turned 
and the pulley care- 
fully balanced if 
trouble is to be 
avoided. 

For best life and 
service, pulleys larger 
than the maker’s 
recommended mini- 
mum should be used, 
and the centre 
distance should be as long as reasonably convenient. A drive working with 
minimum diameter pulleys and shortest centre distance cannot be expected to 
give as long a life as one using larger pulleys and working at long centres. In 
these cases the number of belts should be increased, so as to counteract the extra 
wear and tear. The normal minimum centre distance should be not more than 
the diameter of the larger pulley, and for shorter centres than this 20-30 per 
cent, more belts should be used. A useful criterion for wear and tear is the 
number of trips the belts make in space per second, five or six being a normal 


Fig. 10.-— a drive to a 10-ton overhang , crank press using 

THREE V-BELTS 

The belts transmit power* from a 1-h.p. electric motor at 
940 r.p.m. {Humphris & Sons, Ltd.) 


figure. 
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CORRECTION OF FAULTS IN V-BELT DRIVES 

Abrasion of Belt.-— Metarparticles, sawdust, and grit are the usual causes, 
and entry of these may be stopped by covering the top and/or side of the drive. 

Cracks on Side and Base.— These are generally caused by excess heat and 
chemical fumes, but can be prevented by installing special heat-resisting belts. 
In any case, V-belts should not be installed in a hot place, such as near a radiator 
or on drying machines and kilns. 

Excessive Stretch. — This is usually due to overloading or internal breaks 
which are caused by forcing the belt into the pulley groove. 

Extra duty may have been added to the drive design and installation. 

Loss IN Driven Speed.— This is often due to slippage resulting from in- 
sufficient tension. Check by tachometer readings against calculated speed and 
adjust tension. Slippage may result from the use of incorrect belt dressings. 

Mixing of Belts. — Belts of different brands or types must not be mixed. 
Differences, however slight, in cross section and internal design will seriously 
affect running life. ^ 

New and used belts should not be run together for similar reasons. 

When replacing belts, all new or all used belts should run in the same set. 

Inability to Transmit Rated Toad.- This may be the result of the pulley 
grooves being cut unevenly, or of incorrect angle. Check each single groove 
with a template to ensure all belts are running on the same pitch diameter. 

Have the drive design checked to see that the drive has sufficient 
capacity for the load. 


DRIVE DESIGN FORMULAE FOR V-BELTS 


The symbols used in the formulae are: 

H.P. = Horse-power. 

R.P.M. “ Revolutions per minute. * 

R — Speed ratio. 

C = Centre distance in inches. 

. L ^ Outside length of V-belt in inches. 
pj, Pitch diampter of pulley. 

d = Outside diameter of small pulley in inches. 
D Outside diameter of large pulley in inches. 

V = V-belt velocity in feet per minute. 

F ^ Arc of contact correction factor (Table VI). 
K Service correction factor. 


1 . Speed Ratio. 

2. V‘belt Velocity. 

3. V-belt Length 
{Outside), 


R.P.M. of high-speed shaft 
^ R.P.M. of low-speed shaft 
V 0-262 X p.d. X R.P.M. of p.d. 

Z, = 2C + ^^“‘^^”+ 1-57(Z) M) 
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4. dentre Distance. C = A-\-V A* — B • 

* L 

where ^ — 0-3925(2) -f d) 

^_(D^dy 
^ - 8 

5. Number of y -belts required. 

_ Total H.P. to be transmitted 

~ Power for V-belt at given velocity x F x K 

V-belt lengths and centre distances (Formula 3 and 4) may be calculated 
also from pitch diameters and pitch lengths, and if this method is used,* 2) is 
the pitch diameter of the large pulley* d the pitch diameter of the smaller pulley, 
and L the pitch length of the V-belt. In the case of Formula 3, the appropriate 
difference between pitch and inside lengths must be deducted instead of the 
difference between outside and inside lengths in order to arrive at the belt 
symbol number in the standard tables. 

Mbthqd of using V-belt Driv^ Design FormulvE for the Calculation 
OF ANY' Drive from Basic Principles 

The following example illustrates the method of using the drive-design 
formula. 


To Design a Drive 

From a 15-h.p. oil engine at 600 r.p.m. to a centrifugal pump to run at 
2,500 r.p.m. on a centre distance of approximately 36 in. : 

( а ) Selection of V-belt Secti6n 

Normally “C” section V-belts are used for transmitting 15 h.p., but as this 
is a speed increase drive, and the smallest recommended pulley with “C” section 
V-belts is ^ in. o.d., the V-belt velocity would be 5,725 f.p.m. when running at 
2,500 r.p.m. This speed is excessive, and it is therefore desirable to employ 
smaller-section V-belts and corresponding pulleys so that the V-belt speed does 
not exceed the recommended maximum of 4,500 f.p.m. section V-belts 
should thus be used for this high-speed drive. 

(б) Selection of Pulley Diameters 

Thds is a speed-increasing drive, and the larger pulley is the motor pulley, 
i.e. the driving pulley. 

A standard-diameter driving pulley to give a speed in the region of 4,000 
f.p.m. should first be selected by calculation, and for this purpose the following 
formula is used : 

Let X equal the required pulley diameter in inches. 
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CORRECTION OF FAULTS IN V-BELT DRIVES 

Abrasion of Belt.-— Metarparticles, sawdust, and grit are the usual causes, 
and entry of these may be stopped by covering the top and/or side of the drive. 

Cracks on Side and Base.— These are generally caused by excess heat and 
chemical fumes, but can be prevented by installing special heat-resisting belts. 
In any case, V-belts should not be installed in a hot place, such as near a radiator 
or on drying machines and kilns. 

Excessive Stretch. — This is usually due to overloading or internal breaks 
which are caused by forcing the belt into the pulley groove. 

Extra duty may have been added to the drive design and installation. 

Loss IN Driven Speed.— This is often due to slippage resulting from in- 
sufficient tension. Check by tachometer readings against calculated speed and 
adjust tension. Slippage may result from the use of incorrect belt dressings. 

Mixing of Belts. — Belts of different brands or types must not be mixed. 
Differences, however slight, in cross section and internal design will seriously 
affect running life. ^ 

New and used belts should not be run together for similar reasons. 

When replacing belts, all new or all used belts should run in the same set. 

Inability to Transmit Rated Toad.- This may be the result of the pulley 
grooves being cut unevenly, or of incorrect angle. Check each single groove 
with a template to ensure all belts are running on the same pitch diameter. 

Have the drive design checked to see that the drive has sufficient 
capacity for the load. 


DRIVE DESIGN FORMULAE FOR V-BELTS 


The symbols used in the formulae are: 

H.P. = Horse-power. 

R.P.M. “ Revolutions per minute. * 

R — Speed ratio. 

C = Centre distance in inches. 

. L ^ Outside length of V-belt in inches. 
pj, Pitch diampter of pulley. 

d = Outside diameter of small pulley in inches. 
D Outside diameter of large pulley in inches. 

V = V-belt velocity in feet per minute. 

F ^ Arc of contact correction factor (Table VI). 
K Service correction factor. 


1 . Speed Ratio. 

2. V‘belt Velocity. 

3. V-belt Length 
{Outside), 


R.P.M. of high-speed shaft 
^ R.P.M. of low-speed shaft 
V 0-262 X p.d. X R.P.M. of p.d. 

Z, = 2C + ^^“‘^^”+ 1-57(Z) M) 
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4. dentre Distance. C = A-\-V A* — B • 

* L 

where ^ — 0-3925(2) -f d) 

^_(D^dy 
^ - 8 

5. Number of y -belts required. 

_ Total H.P. to be transmitted 

~ Power for V-belt at given velocity x F x K 

V-belt lengths and centre distances (Formula 3 and 4) may be calculated 
also from pitch diameters and pitch lengths, and if this method is used,* 2) is 
the pitch diameter of the large pulley* d the pitch diameter of the smaller pulley, 
and L the pitch length of the V-belt. In the case of Formula 3, the appropriate 
difference between pitch and inside lengths must be deducted instead of the 
difference between outside and inside lengths in order to arrive at the belt 
symbol number in the standard tables. 

Mbthqd of using V-belt Driv^ Design FormulvE for the Calculation 
OF ANY' Drive from Basic Principles 

The following example illustrates the method of using the drive-design 
formula. 


To Design a Drive 

From a 15-h.p. oil engine at 600 r.p.m. to a centrifugal pump to run at 
2,500 r.p.m. on a centre distance of approximately 36 in. : 

( а ) Selection of V-belt Secti6n 

Normally “C” section V-belts are used for transmitting 15 h.p., but as this 
is a speed increase drive, and the smallest recommended pulley with “C” section 
V-belts is ^ in. o.d., the V-belt velocity would be 5,725 f.p.m. when running at 
2,500 r.p.m. This speed is excessive, and it is therefore desirable to employ 
smaller-section V-belts and corresponding pulleys so that the V-belt speed does 
not exceed the recommended maximum of 4,500 f.p.m. section V-belts 
should thus be used for this high-speed drive. 

(б) Selection of Pulley Diameters 

Thds is a speed-increasing drive, and the larger pulley is the motor pulley, 
i.e. the driving pulley. 

A standard-diameter driving pulley to give a speed in the region of 4,000 
f.p.m. should first be selected by calculation, and for this purpose the following 
formula is used : 

Let X equal the required pulley diameter in inches. 
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HORSE-POWER RATING TABLES 

TAbCe I.— >4 -section^ V-BELtS 
(With 180° Arc of Contact on smaller Pulley) 


V-f^elt 
Velocity 
{ft. per nun.) 

J Pulley Pitch 
Diameter 

2 6 in. 

i Pulley Pitch 
Diameter 

3 In. 

Horse-po 

Pulley Pitch 
Diameter 

3 4 in. 

wer Ratings 

Pulley Pitch 
Diameter 

3-8 In. 

Pulley Pitch 
Diameter 

4 2 in. 

Pulley Pitch 
Diameter 5 in. 
and larger 

500 

\ 03 

03 

04 

05 

05 

0-5' 

600 

03 

! 0 4 

05 

0-6 

06 

06 

700 

04 

i 05 

06 

06 

06 

0-7 

800 

04 

1 06 

07 

07 

0-7 

0-8 

900 

05 

’ 06 

07 

08 

08 

09 

1,000 

05 

07 

08 

09 

09 

I-O 

1,200 

06 

0 8 

1 0 

10 

1 1 

1 2 

1,400 

07 

09 

1 1 

1 2 

1 3 

1-4 

1,600 

08 

1 0 

1 2 

• 3 

I 

1 6 

1,800 

09 

1 2 

1 

1 4 

i 

1-6 i 

1 8 

2,000 

1 0 

i 1 3 

1 5 

1 1 6 

1 8 

1 20 

2,200 

1 I 

1 4 

, 1 6 

1 > 8 

1 1 9 

I 22 

2,400 

1 1 

' 1 4 

1 1 7 

1 20 

1 20 

23 

2,600 


1 6 

1 8 

1 20 

22 

! 2-5 

2,800 

— 

1 6 

1 9 

2 1 

1 23 

2'6 

3,000 




2 0 

22 

24 

2-7 

3,500 

— 


— 

25 

1 27 

1 3-0 

4,000 

' 

_ 


__ 

2-8 

j 3-3 

4,500 

— 

— 

— 

1 ^ 


3-4 




— 

1 __ 

— 




* Detaih of the standard sections. A, B, C, D, and E, will be found on page 471. 


TABLE II.— JJ-SECTION V-BELTS 
(With 1 80° Arc of Contact on Smaller Pulley) 


Horse-power Ratings 


V-belt 

Velocity 
{ft. per min.) 

Pulley Pitch 
Diameter 

5 in. 

Pulley Pitch 
Diameter 

5-4 in. 

Pulley Pitch 
Diameter 

5-8 ih. 

Pulley Pitch 
Diameter 

6-2 in. 

Pulley Pitch 
Diameter 7 in. 
and larger 

500 

0-7 

08 

0-8 

0-9 

10 

600 

09 

0-9 

^ 1-0 

1-1 

1 2 

700 

1 0 

1 0 

1 1 

1-2 

1-3 

800 

0 1 1 


1 2 

1-3 

1-5 

900 

1-2 


1 4 

1-5 

1-6 

1,000 

1 3 

1 4 

. 15 

1-6 

1-8 

1:200 

1 5 

1 6 

1-7 

1-8 

2-0 

1,400 

1 7 

I 9 

20 

2-1 

2-3 

1,600 

19 

2 1 

2 3 

2-4 

2-6 

1,800 

2-2 

2-4 

2-5 

27 

2-9 

2,000 

i 2-4 

26 

2-8 ■ 

29 

3-2 

2,200 

2-5 

2-8 

3-0 

3-2 

3-5 

2,400 

2-7 

3-0 

3 2 

3-4 


2,600 

2-9-* 

32 

3-4 

3-6 

4-0 

2,800 

3-0 

3-3 

3-6 

38 

4-3 

3,000 

3-2 

3-5 

3-8 

4-0 

4-5 

3,500 


3-8 

41 

44 

4.9 

4,000 




44 

4-7 

5-3 

4,500 

i “ 

— 


4-8 1 

5-4 

5,000 


~ J 

“ 

< 1 

5-5 


E.W*P. IV— 16 
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TABLE HI.— C-SECTION V-BELTS 
' (With 1 80° Arc of Contact on Smaller Pulley) 


Horse-puwer Ratings 


Velocity ; 
(/t. per min.) 

Pulley Pitch 
Diameter 

7 in. 

Pulley Pitch 
Diameter 

8 in. 

Pulley Pitch 
Diameter 

9 in. 

Pulley Pitch 
Diameter 

10 in 

Pulley Pitch 
Diameter .2 in. 
and larger 

300 

1 1 

1 4 

1 5 

TT 

1 9 

600 

13 

I 6 

1 7 

1 9 

2 3 

700 

1 5 

1 8 

20 

2 3 

2 7 

800 

1 6 

2 1 

2 3 

26 

3 0 

900 

1 8 

23 

2 «> 

29 

3 3 

1,000 

20 

2 5 

28 

3 1 

3 6 

1,200 

24 

29 

34 

3 8 

4 3 

1,400 

2-7 

34 

39 

44 

5 0 

1,600 

3.1 

39 

45 

49 

5 7 

1,800 

34 

43 

50 

5 5 

6 3 

2,000 

37 

47 

5 5 

6 1 

70 

2,200 

40 

5 1 

59 

66 

7 6 

2,400 

43 ] 

5 5 

1 64 

7 1 

82 

2,600 

4-6 

58 

1 68 

7 6 

8 8 

2,800 

48 

62 

1 72 

80 

9 3 

3,000 

50 ' 

65 

76 

8 5 

98 

3,500 

— 

71 

84 

94 

11 0 

4,000 





90 

102 

12 0 

v ,500 

— 

— 1 

— 

107 

12 7 

5,000 

- i 

^ — 

- 


1 132 


TABLE IV.— Z)*SECnON V-BBLTS 
(With 180° Arc of Contact on Smaller Pulley) 


V-belt 
Velocity 
(ft. per min.) 



Horse-power Ratings 


Pulley Pitch 
Diameter 

12 in. 

Pulley Pitch 
Diameter 

13 in. 

Pulley Pitch 
Diameter 

14 in. 

Pulley Pitch 
Diameter 

IS in. 

Pulley Pitch 
Diameter 17 in, 
and larger 

500 

23 

26 

30 

3-5 

3-8 

600 

2-7 

3-2 

3-6 

40 

4-4 

700 

3-2 ' 

36 

4-2 

46 

4-9, 

800 

3-6 

4-2 

47 

51 

5-6 

900 

40 

47 

51 

56 

6-2 

1,000 

4-5 

5 1 \ 

5*6 

6-1 

6-8 

1,200 

5-3 

61 

67 

7-3 

8-2 

1.400 

6.1 

70 

7-8 

8-4 

9-4 

1,600 

6-9 

7-9 

8-8 

95 

107 

1,800 

7-7 ' 

8-8 

9-8 

106 

*12-0 

2,000 

8-4 

97 

107 

117 ‘ 

13-2 

* 2,200 

91 

10-5 

! 117 

12-7 

14-4 

2,400 

9-8 

11 3 

1 12-6 

137 

15-5 

2,600 

10-4 

120 

1 13-4 

14-6 

166 

2,800 

109 

127 

141 

15-5 

17-6 

3,000 

11-4 

13-3 

14-9 

T6-3 

18-6 

3,500 

12-4 

14-6 

16-5 

! 18-1* 

20-7 

4,000 



15-5 

17-6 

19-4 

22-5 

4,500 

— 

~ 

— 

20-3 

23-5 

5,000 

- 

— 

- 

- 

’24-4 
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TABLE V.— ^-SECTION V-BELTS 
(With 1^0® Arc of Contact on Smaller Pulley) 


V-beit 

Velocity 
{Jt. per min.) 

1 


Hor.^e-power Ratings 


Pulley Pitch 
Diameter 

20 in. 

Pulley Pitch 
Diameter 

22 in. 

• 

Pulley Pitch 
Diameter 

24 in. 

Pulley Pitch 
Diameter 

26 in. 

Pulley Pitch 
Diameter 28 in. 
and larger 

500 

3 6 

43 

49 

55 

60 

600 

45 

5 3 

60 

66 

70 

700 

5 4 

63 

69 

7 6 

8 1 

800 

64 

72 

80 

87 

92 

900 

72 


89 

9 6 

102 

1,000 

8 0 

90 

98 

105 

11 1 ^ 

1,200 

9 5 

10 7 

11 7 

126 

13 3 

1,400 

11 0 

12 4 

13 6 

14 6 

154 

1,600 

124 

14 1 

154 

166 

17 5 

*1,800 

13 8 

157 

172 

18 5 

19 6 

2,000 

152 

172 

189 

1 20 3 

21 6 

2,200 

165 

18-7 

• 20 6 

i 22 1 

23 5 

2,400 

17 7 

20 1 

22 2 

1 23 9 

25 3 

2,600 

189 

21-5 

23 7 

1 25 5 

27 1 

2,800 

199 

22 8 

25 1 

! 27 1 

29 9 

3,000 

20 9 

24 0 

26 5 

i 28 6 

30 5 

3,500 

23 0 

26-6 

29 5 

1 32 0 

34 2 

4,000 

24 5 

* 28 5 

31 9 

54-7 

37-2 

4,500 

— 

— 

33 5 

1 36-7 

39-5 

5,000 

— 

— 

— 

37-9 

40-9 


» t 


METHOD OF USING ARC OF CONTACT CORRECTION FACTOR 

To determine correction factor, subtract the outside diameter of the small 
pulley from the outside diameter of the large pulley. In the column headed 
“Difference in Pulley Diameters,” select the figure nearest the difference obtained, 
and read across from the centre distance line to this column. The correction 
factor is given at the point of intersection (see Table IV, page 480). 


Example: 

Outside diameter of driving pu\le\ . 
O.utside diameter of driven pulley . 
Centre distance . . . • . 

Difference in pulley diameters 


- 10 in. 

^ 30 in. 

= 40 in. 

= 30 in. — 10 in. 
= 20 in. 


Under the heading, “Difference in Pulley Diameters,” find the column 
“20” and read down to the point where this column intersects the 40-in. centre 
distance line. The correction factor is found by reading across the 40-in. centre 
distance line, and dawr$ the 20-in. difference in pulley diameters column, and 
in this example will be found to be 0-92. 

Interpolation is permissible; for example’, where the difference in pulley 
diameters is 11 in. and the centre distance is 20 in., the arc of contact service 
correction factor is 0-91. Similarly, where the difference in pulley diameters is 
14 in. and the centre distance 45 in., the service correction factor is 0-96. 
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TABLE IX.—OUTSIDE PULLEY DIAMETERS FOR STANDARD V-BELTS 


V-belt , 

Recommended Minimum \ 

Absolute Minimum 

Section 

{in in.) j 

{in in.) 

A 

H . 

2^ 

B 

' 51 

4 ^ 

C 

H 

7 

D 

* 12 

1 

E 

I 20 

17 

TABLE X.- 

-SERVICE CORRECTION 

FACTORS (A:) 


(To be used in conjunction with drive design formula 5, page 474.) 


<> 


Running hours per day 



Up to 3 

1 

8-10 

24 

■ ■ ' 1 

Steady loads . . , . 

1-25 


10 

0-8G 

Pulsating and uneven loads . 

10 

'* 

, 0-80 ♦ 

070 

Heavy loads and high starting 
torques 

070 


0-60 

050 


E. M. 



MODERN REFRIGERATION 
PRACTICE 

The following survey of modern refrigerating practice is based upon a Thomas 
Hawksley Lecture read before the Institution of Mechanical Engineers by Lord 
Dudley Gordon, D.S.O., M.I.Mech.E. 

R efrigeration is concerned with temperatures below the normal 
atmospheric temperature. The lowest hmit is obviously absolute zero, 
273T44'' C., to which the nearest approach has been made at the 
Kamerlingh Onnes Laboratory at Leiden, where an ejbsolute temperature of 
0*005° K. has been reached. 

Industrial practice begins at th$ liquefying temperatures of certain gases at 
atmospheric pre*ssure. For instance, the • temperature of liquid oxygen at 
atmospheric pressure is —183° C, nitrogen — 1^15*8° C., and liquid air about 
- 192° C. The liquefaction of air by Linde in 1894 soon led to the development 
of liquefied gases used for welding and cutting, and to the process for the 
synthetic production ol ammonia; but in these processes refrigerating machin- 
ery is only used for precooling the original mixture of gases to a temperature 
of about —60° F., the remainder of the process being carried out by means of 
compression to a moderate pressure, by rectification and heat exchange between 
the gases handled. 

The Refrigerating Cycle 

The simplest type of mechanical Refrigerator consists of four main units, 
namely: 

Tht CoiApressor. 

The Condenser. 

The Regulator. 

The Evaporator. 

The Compressor. — This draws refrigerant vapour from the evaporator, 
compresses it to a predetermined degree, and, at the same time, raises its 
temperature and forces it through an oil separator into — 

The Condenser. — This is a device for extracting the heat from the refrigerant 
vapour, and so converting it into a liquid state. 

There are various types of condenser, e.g. the shell type, which is built 
on simflar principles to the well-known steam surface condenser, or the double- 
pipe type, where cooling water circulates through the inner pipe and the re- 
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REGULATOR 


Fig. 1 .—Circuit for 

WET COMPRESSION 
WITH HAND-OPErXtED 
REGULATOR 


frigerant through the outer pipe, the refrigerant and the coolinjg water travelling 
in opposite directions. ‘ 

Tht refrigerant now emerges from the condenser in liquid form and passes 
along the pipe to — 

The Regulating Valve. — ^The function of the regulating valve is to restrict 
the flow of the refrigerant so that the necessary pressure is maintained in the 
condenser to cause the cooled refrigerant vapour to liquefy. On the other side 
of the regulator valve a much lower pressure exists owing to the fact that it is 
connected through the evaporator to the suction side of the compressor. 

The refrigerant passes from the regulating valve into — 

The Evaporator. — This i^ usually a series of pipes or coils into which flows 
all the liquid refrigerant which has not been evaporated in passing through 
the regulating valve. Owing to the reduced pressure, the hquid refrigerant now 
begins to vaporise, and, in doing so, it extracts heat first from the metal ^of the 
evaporator tubes and then from any hquid or a;r by which theievaporator tubes 
may be surrounded. 

In many refrigerating systems the Evaporator coils are used to cool brine, 
which is then circulated in the cooling chambers. 


Refrigerants 

For temperatures down to —60° F., normal ammonia refrigerating machin- 
ery can be used economically; but there is an increasing demand in chemical 
and other processes for refrigerating temperatures down to —100° F. or even 
lower, and for such temperatures refrigerants other than those in use for the 
usual processes to which refrigeration is apphed become necessary. ^ 
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Plan 


Fig. 2.— General arrangement of ice-making plant 

The ice ib made by freezing water contained in galvanised-iron cans which are lowered into a tank containing 
cold brine. The brine is usually maintained at a temperature of about 16“ F. (—9° C.). The refrigerating plant consists 
of an ammonia compressor, nmmooia condenser, and cooling colls or tubular brine cooler immersed in the ice 
tank. The ammonia is circulated over and over again in a closed system, and additional ammonia is required only 
to make up for that lost by leakage, which in a carefully operated plant is only a very small quantity. 

The brme is circulated through the tubes of a shell end tube cooler, by megns of a propeller which also serves to 
induce a circulation of the brine past the ice cans. When the cans have been frozen, they are withdrawn from the 
tank and placed in a tank of warm water to cause some of the ice round the edge of the block to thaw and thus 
free the ice block from the can. (In hot climates this tank is ofren dispensed with.) The ice is then tipped out of the 
can in the form of a block, after which the can is reftUed with water and is replaced in the ice tank. 

(L. SttrM & Co,, Ltd.) 


E.W.P. IV— 16 * 
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TABLE L-LOW-TEMPERATURE REFRIGERANTS 


Refrigerant 


Critical point, ° F 

Triple point, F 

Boiling-point at atmospheric pressure, “ F. 
Vapour pressure at 5° F., lb. per sq. in. abs. 
Vapour pressure at 86® F., lb. per sq. in. abs. 
Volume, cub. ft. per lb. at 5° F. 

Volume, cub. ft. per lb. at 86“ F. 


- 


Ethane, 

Ethylene, 

QH, 

C.H, 

89-8 

49-10 

-298-5 

-272-92 

-127-5 

-155-02 

236-5 

416-40 

682-7 

— 

, 0-273 

0-273 

01 22 

1 


Propane, 

C,He 


204»1 
-309 8 
-480 
42- 1 
155-3 
2-48 
0-717 


Table I shows the triple point aijd the normal boiling-point of various 
refrigerants which may be used for these very low temperatures. Some of these 
are not readily obtainable. It will be seen that both ethane and ethylene are 
particularly suitable, and Have been successfully used in large-scale applications 
of low temperatures. Such low temperatures are reached by means of the 
“cascade” system (see Fig. 14). 

During the period when mechanical refrigeration was being developed to 
its present stage, the main uses, such as ice-making, cold storage both on board 
ship and on shore as well as applications in breweries, demanded temperatures 
from 0® F. up to about 40° F.; and at these temperatures the most suitable 
refrigerants were found to be ammonia, carbon dioxide, and sulphur dioxide. 
Table II shows the triple point and the normal boiling-point of these refrigerants. 


TABLE II.—REFRIGERANTS FOR USE IN LARGE COLD STORES 
Refrigerant • 


Critical point, “ F 

Triple point, “ F. . , . 

Boiling-point at atmospheric pressure, “ F. 

Vapour pressure at 5“ F., lb. per sq. in. abs. •. 
Vapour pressure at 86“ F., lb. per sq. in. abs. . 
Volume, cub. ft. per lb. at 5“ F. . 

Volume, cub. ft. per lb. at 86“ F. . 


Sulphur dioxide has several rather serious drawbacks, and to-day most 
ice-making plants for land use employ ammonia as the refrigerant. 

On board ship and in confined spaces carbon dioxide is the most suitable 
refrigerant for larger-size installations in the range of temperatures under 
consideration. 

For domestic refrigerators and air-conditioning plant other refrigerants 


Ammonia, 

NH# 


271-4 

-107-86 

-28-0 

34-27 

169-2 

8-150 

1-772 


Carbon 

dioxide, 

CO^ 


87-7 

-69-9 

-109-3*’ 

(solid) 

331-9 

1,043-0 

0-2660 

0-04789 


I Sulphur 
I dioxide, 
SO, 


315-1 
-9C-9 
* 13-99 

11-71 

66-85 

6-500 

1-265 
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Fig. 3.— Vertical high-speed ammonia compressor 
{J.&E. Hall, Ltd.) ’ 



Fig. 4.— Electrically driven horizontal COg compressor 
(/. & E. Hall Ltd.) 
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have recently come into wide use. The properties of the most important of 
these? methyl chloride, CH 3 CI; dichlorodifluoro-njethane (“Freon” or “F 12”), 
CCI 2 F 2 , are shown in Table III. 

TABLE III.-^REFRIGERANTS FOR DOMESTIC AND AIR-CONDITIONING 

PURPOSES 


Refrigerant 


Methyl 

chloride^ 

CHaCl 


Critical point, ^ F. . . . j 289 6 

Triple point, ° F. . . I — 144 U 

Boiling-point at atmospheric pres- I 
sure, “F. . . . ! —10-76 

Vapour pressure at 5 ' F., lb. per sq. 1 
in. abs. . . . ^ . .1 21-15 

Vapour pressure at 86" F., lb. per 1 
sq. in. abs. . . . . . ; 

Volume, cub. ft. per lb. at S'’ F. . 1 
Volume, cub. ft. per lb. at 86® F. . 1 


Dichloro- 

diftuoro- 

methane 

C" Freon" or 

1 “F12”), 

! CCIaFa 

I Methylene | 
1 chloride 1 

{"Carrenel"), 1 
CHaCl, 

Trichloro- 
monofluoro- 
methane 
["Carrene T 
or “Fll”), 
CFCL 

1 232-7 

1 -247-0 

421-0 
; -142-0 

3884 
{ -168-0 

-21-7 

103-7 

1 74-66 

I 26-51 

1-17 

2-93 

107-9 

' 1-485 

r 0-389 

10-60 

50-0 

6i667 

18-28 

12-195 

1 2-242 


94-7 
4-471 
. 1-081 


SUCTION TO COMPRESSOR Modein Refrigerating 

Compressors 
The original re- 
frigerating machines 
were in nearly every 
case horizontal, slow- 
running, double-act- 
ing compressors, the 
piston bbing designed 
with spherical ends 
and • the ‘Valves so 
arranged in the end 
covers that the clear- 
ance was reduced to 
a minimum. 

The horizontal 
type of compressor, 
particularly in the 
ordinary commercial 
large-size refrigerating plant making use of ammonia, continued in favour in 
Germany and most other countries on the continent of Europe up to quite 
recent years. During the past twenty years the high-speed vertical compressor 
has to an increasing extent replaced the horizontal compressor in this country 



Fig. 


5.— Circuit for dry compression, 
FLOAT regulator 


WITH HIGH-PRESSURE 
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Fig. 6.— Same ( iRcuir as in fig. 5, but with low-pressure float 

REGULATOR 


and in the United suction to compressor 

States of America. 

The adoption of the 
vertical type has been 
accompanied by the 
usual increase in 
speed, which is the 
result of the develop- 
ment of modern ma- 
terials and modern 
workshop practice. 

This change has had 
the* usual effect of 
saving a large amount 
of space, and the 
area now required to 
be set aside for a 

large refrigerating installatidn is only a fraction of what it was thirty or more 
years ago. Fig. 3 shows a high-speed vertical compressor constructed for use 
with ammonia as the refrigerant. ' . 

Many different types of compressors are available to-day, including the 
multi-stage turbo-compressors. Most of these are of the larger sizes, and their 
development has depended, not only upon progress in design, but also on the 
use of refrigerants with a high boiling-point and a high molecular weight. 
Ammonia, ethyl chloride, and “Freon 11“ have been used in turbo-compressors, 
the latter refrigerant working in most cases below atmospheric pressure. This 
avoids the risk of outward leakage of the refrigerant, but special precautions 
must be taken to -prevent air from being drawn into the system. In some cases 

a special vacuum 

SUCTiO;. TO COMI'KESSOR pUmp hUS CVCU bCCU 

employed to over- 
come this risk. 

Another change 
which follows the de- 
velopment of other 
types of compressor 
is the increasing adop- 
tion of the V-belt 
drive, which in recent 
years has tended to 
displace the arrange- 
ment by which com- 
pressors were coupled 
directly to the electric 
motor or other prime 



Fio, 7 —Circuit for dry compression ; direct feed into sepa- 
rator 
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I REGULATOR 

(HAND OR AUTOMATIC) 


Fig. 8.— CiRCXJrr com- 
prising PUMP FOR 
CIRCULATION OF 
EVAPORATING LIQt ID : 
HIGH-PRESSURE FLOAT 
REGULATOR 


Fig. 9.— Circuit com- 
prising PUMP FOR 

CIRCULATION 01 
EVAPORATING LIQUID : 
low-pressure REGU- 
LATOR 


LIQUID SEPARATOR 
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mover, though the latter 
arrangement is still 
favoured for the very 
largest sizes. 

This brief review of 
the development of the 
refngerating compressor 
indicates that recent 
changes have been rather 
in the form and construc- 
tion of the compressor 
than in any pronounced 
in'irease in efficiency. 
When we come to con- 
sider the equipment which 
makes up the rest of a 
refrigerating plant we find 
that changes have taken 
place, not merely in the 
construction of the con- 
denser and evaporator, 
but also in the main 
principles governing their 
operation. This applies 
particularly to the 
evaporator. 


LIQUID SEPARATOR 


OUTLET FROM 
2nd stage op 
EVAPORATOR 


GRAVITY LIQUID 
» FEED TO 2ND 
stage OF 
EVAPORATOR^ 


COMPRESSOR 

SUCTION 


OIL DRAIN 


OUTLET FROM 
'' 1ST STAGE OF 

evaporator 


2ND STAGE OF 
EVAP 9 RATOR 


1ST STAGE OF 
EVAPORATOR 


lOILl I 
SEPARATOR 


Modem Types of Refrig- ^ I 

erating Circuits » j < * 

Whilst the general • * 

principle of the refrigera- • 

ting cycle has already 

been explained with Fig. lO.—Cmcurr for two-staoe evaporation (ammonu) 
reference- to Fig. 1, it 

should be pointed out that most modern refrigerating plants have many 
refinements added. 


Dry Compression System, with High-pressure Float Regulator.-— 
Fig. 5 shows the circuit of Fig. 1 modified to operate on the dry compression 
system. The diagram indicates an automatic replator of the float type which is 
usually associated with dry compression, but is not an essential feature. With 
the arrangement shown, this automatic regulator takes the form of a float which 
opens an expansion valve as soon as liquid is present. This has the effect of 
keeping the condenser completely drained of liquid, and no part of the con- 
denser is used for supercooling the liquid after condensation. 

The evaporator circuit is provided with a 'liquid separator consisting of a 
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Fig. 1 1 . — Circuit 

FOR USE WITH 
BRINE AS COOLING 
MEDIUM I 


.vessel of such a cross-sectional area that the velocity of the gas flow becomes 
sufficiently low to allow any free liquid to fall back into the separating vessel and 
so to return to the evaporator circuit. The gas drawn back to the compressor is 
thus completely free of entrained liquid, and becomes in almost every case 
slightly superheated in its passage from the separator vessel to the compressor. 

Dry Compression System with Low-pressure Float Regulator. — 
Fig. 6 sl^ows the same circuit arranged with a different type of float regulator 
which does not necessarily drain the whole of the liquid from the condenser, 
but maintains a constant level in the evaporator coils. This arrangement is 
particularly suitable where more than one cooler or other form of evaporator 
is placed at different levels in the same building. 

Dry Compressor System: Direct Feed into Separator.— A variation of 
the circuit is shown in Fig. 7. With this arrangement the liquid passing from 
the expansion valve is fed directly into the separator vessel instead of to the 
evaporator coils which, except for the top two or three, are kept completely 
flooded. ‘ 

Pump System: High-pressur^ or Low-pressure Float Regulator.— 
The circuits described are used where the evaporator coils form a direct expan- 
sion circuit, usually in the form of an air cooler ; but where the evapqrator 
coils take the form of grid piping dispersed possibly throughaut a number of 
chambers in a cold store, it is usually necessary to circulate the evaporating 
liquid through these coils by means of d pump. Figs. 8 and 9 show the circuits 
adopted in such cases. These may complete eitW a high-pressure float regulator 
draining the whole of the liquid from the condenser, or a low-pressure type 
maintaining a constant level in the liquid separator vessel. 

Two-stage EvaporatioK System (Ammonia).— In some of the earliest ex- 
amples of this system of recirculation of the ammonia liquid, a separator vessel 
was provided high in the building— sometimes on the roof in an insulated 
chamber— so that the liquid could be fed by gravity to various expansion 
circuits as indicated in Fig. 10. The diagram illustrated shows the evaporation 
carried out in two stages, which is a great convenience in the case of a cold store 
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Fig. 12. — Multiple 

CIRCUITS : PATH OF 
LIQUID REFRIGERANT 


BYE-PASS 



REGULATOR 



REGULATOR 


Fig. 13. — Circuit dia- 
gram FOR two-stage 

ARRANGEMENT 
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WATER aOOLED 
CONDENSER 



requiring dififering 
temperatures in 
rooms set aside for 
different classes of 
produce. 

System with 
Brine as Cooling 
Medium. — When 
brine is used as the 
cooling medium a 
somewhat simpler 
circuit can be used, 
a very common form 
being that illustrated 
in Fig. 11, where the 
evaporator takes the 
form of a horizontal 
vessel containing the 
liquid ammonia. 
The brine is passed 
through tubes held in 
endplates so that the 
ammonia boils by 
absorbing heat from 
it. In many cases the 
vessel is fitted with a 
dome to ensure the 
separation of any free 
liquid from the gas 
passing to the com- 
pressor. The form of 
this evaporator is, in- 


deed, similar to a k)comotive-type steam boiler. 

Multiple-circuit SyiStbm: Path of Liquid Refrigerant. — In some cases 
it is found convenient to pass the liquid refrigerant collected in the separator 
on the suction side to the high-pressure side of the regulator, so that it joins 
the liquid passing direct from the condenser. This arrangement has been applied 
with most useful results in cases where the dry compression cycle is to be 
applied to an existing plant having several circuits spread o^er a number of 
freezing chambers or cold stores. The diagram shown in Fig. 12 is typical of 
this arrangement. A dififtculty has to be faced in applying this form of liquid 
recirculation to an old refrigerating plant, in that the individual circuits on the 
evaporator side are very frequently much longer than is desirable for recircula- 
tion of the liquid, the usual practice in new plants being to use very short 


individual coil lengths. 
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Fig. 15.— Circuit for ice-making plant at fishing port 

• 

Twostage System.— W ficn the temperature of evaporation has to be so 
low that to reach the condensing pressure the ratio of compression becomes 
greater than is desirable in a single stage, ^wo or more stages of compression 
must be used. A usual form of circuit using a two-stage reciprocating compres- 
sor is shown in Fig. 13. The gas leaving the high-pressure cylinder passes to the 
condenser, where it becomes liquid and is drained by means of a float valve 
into the liquid line. This liquid is injected into the delivery from the low-pressure 
cylinder, and passes with it to the intercooler vessel, where the evaporation of a 
small portion of the liquid cools the gas on its way to the high-pressure suction. 

“Cascade” System.— When the temperature required is so low that it is desir- 
able to use more than one refrigerant, the “cascade” principle may be employed. 
Fig. 14 is a diagram of such a circuit, using three Refrigerants. The highest stage 
is a normal ammonia circuit with a condenser, cooled by water. The evaporator 
of this circuit is used for cooling the carbon -dioxide condenser of the second 
stage, and the carbon-dioxide evaporator in its turn cools the condenser of the 
lowest*stag 5 circuit using ethylene. The evaporator of this last circuit provides 
the low-temperature cooling required. 

Modem Ice-making Plant 

An interesting example of the application of the various principles which 
have been outlined above is shown in the circuit for ice-making plant at a fish- 
ing port, illustrated in Fig. 15. From this diagram it will be seen that the gas 
leaving the compressor passes first through a heat exchanger, in the tubes of 
which water is circulated and heated; the water is then passed to the thawing 
tanks, where the heat thus applied thaws the ice from the sides of the cans so 
that it can be tipped out. Water passing through the heat exchanger is circulated 
inside these coils when thawing of the ice is not in progress, and is cooled by 
dock water passing over them. 




THE OPERATION 
AND MAINTENANCE 
OF MINING MACHINERY 



Fig. 1. — Telescopic turret overhgad coal-cutter {Cowlishaw, Walker & Co., Ltd) 


T he increased application of maichinery for the mining of coal in this 
country has brought a demand for a ^higher standard of §ervidng by 
mechanics, and more intelligent handling by the machinemen. In view of 
this, it is for mining machinery opeuators and mechanics that the following 
maintenance notes have been written. 

Most collieries maintain a staff of fitters constantly underground, each one 
of them detailed to a particular face or district. Certain duties,. though, should 
be carried out by the machinemen themselves. These will be dealt with through- 
out the article, and the servicing of each class of machine will be found under 
the relative headings. 

COAL-CIJTTERS 

By far the most common type of coal-cutter in use to-day is the long-wall, 
either electrically or compressed-air driven. Construction of these involves 

496 




MINING MACHINERY 


497 



Fig. 2. — Compressed-air coal-cutter in its three units 
Showing cutting head, driving uiflt, and haulage end. {Mavor & Coulson, Ltd.) 


work of high precision, and working to fine limits. The modern coal-cutter is 
composed of three main units (Fig. 2), each of which depends upon the other 
for good performance. They are : cutting end, driving unit, and haulage end. 
In some machines a smaller section is placed between the motor and cutting end, 
and houses the gears for running the cutting chain in either direction. Despite 
the diversity in design, all coal-cutters have one purpose : to cut in the seam or 
close to it. For this reason It is considered that the cutting end is of more 
importance than the other sections, although, as mentioned before, each part 
has an important^ bearing on the operation, of the whole machine. It will be 
realised that it would be useless to have a good strong motor if the other 
sections could not stand up to the heavy duty. 

The Jib 

Severe strain is placed upon the cutting end when at work, and it is impor- 
tant to see that the jib and chain are in good condition. Most jibs are fitted 
with wearing strips which act as a guide to the chain. These strips should be 
examined each week and any signs of excessive wear dealt with. A spare jib 
in good repair is advisable to enable a change over without hindrance to coal 



Pio. 3 .— Extracting the jib when trapped under the seam 


A' 
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t 

output. Waited jibs, usually 
caused throu^ shot-firing in the 
vicinity, should be replaced, 
Otherwise trouble may be ex- 
perienced either with broken 
pick chains or with the vhains 
coming out of the guides. Shot- 
firing may also cause fracture of 
the jib support bar, or jib-stock. 

In the event of a trapped jib, 
the best method of releasing it 
is as follows. Set the anchor 
post for the rope and gently pull 
the haulage end away from the 
face. Next place a short prop, as 
shown in Fig. 3, between the machine and the face. Reset the rope again to pull 
the coal-cutter back tojyards the coal, leaving the short prop to act as a fulcrum, 
and lever the jib out. It may be necessary to run the picks during the operation, 
but all personnel except the operator must keep clear. 


FRONT OF PICK 


Fig. 4.— Correct shape of cutting pick 


Pick Chains 


Pick chains kept to the correct tension will last much longer and will 
reduce wear on the jib. It is a good precaution to adjust the strap-link type of 
chain to approximately IJ in. play at a point midway between the sprocket and 
jib entry. Other kinds of chain, however, should be set to the makers’ specifica- 
tions. The amount of wear of the chain has a bearing upon the useful life of 
the chain sprocket. Any excessive end-play between links and boxes will 
result in the chain not engaging properly with the sprocket teeth, and may 
eventually lead to a fracture of ^either the chain, sprocket, shaft, bearings, or 
all four. , 

It is essential to have the picks correctly shaped and sharpened. Not only 
do they cut better, but they then reduce the load on the motor and gears. The 
front of the pick must be wider than the back Shoulder to giv^ cutting clearance. 
A rounded tip of about -^-in. radius ujsually gives the best results. This is shown 
in Fig. 4. 


Setting the Picks in Position 

Special tipped picks are used in many cases, and they cannot be sharpened 
in the usual way. The maker’s instructions should be followed, for different 
types need different treatment; some are ground by a tool provided for the 
purpose. • 

Speed in cutting is of no value if only half of the jib is in use. The ideal is 
to have it well into the coal, and level. Should the picks not be correctly set os 
sharp, there is every possibility of the jib rising or Egging into the floor. Every 
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5ick must therefore be set to 
project the correct distance frpm 
ts pick-box. A gauge is usually 
:)rovided for setting the picks 
quickly and accurately. Any ten- 
lency for the jib to rise in the seam 
;an, in most cases, be rectified by 
he simple operation of extending 
'he bottom picks about J-J in. 
beyond the others. This guaran-' 
tees extra clearance for the bottom 
3f th^ jib, allowing it to regain its 
:orrect level. Digging into the 
loor can be overcome by a similar 



Fig. 5. — Correct method of inserting picks 

INT9 PICK CHAIN BOXES (NOT TO SCALE) 


idjustment to the top picks. If at any time it is found essential to put packing 
under the body of the coal-cutter, first ensure that the machine is fitted with a 
Full-length sledge that extends, well under the chain and f^procket. If the sledge 


s only three-quarters length there is danger In the material used fouling the 
;:hain and causing accidents. Always let the motor come to a standstill before 
engaging the gear^, otherwise there is a po:>siibility of damaging the teeth. 


Lubrication 

Lubrication is a very important factor in determining the useful life of any 
machine, but it is essential that the correct grade of oil specified by the 
maker be used. Over-lubrication should be avoided in the case of coal-cutters, 
as any excess may find its way into the motor chamber. In the case of electrically 
driven machines the result may be a burn-out of the windings. Cutters driven by 
air require a special oil to prevent freezing at the exhaust ports, and to give 
ample lubrication to the rotors. Some typical charts for the lubrication of coal- 
cutting machines are given on pages 508-511. ' 

It should a'lso be noted that the hose supplying the compressed air must be 
cleaned out before it is connected to tlie machine. Blowing it out prevents any 
dust or other master from reaching the turbine. After cutting the face with a 
compressed-air machine, the rotors should be given a coating of light oil to keep 
them free from rust. All filters in the air intake must be kept clean and clear of 
even the slightest obstruction. A lever must on no account be used on the rotor 
teeth to turn the rotors, however important it may be to free them. Oiling the 
cutter chain at the start of every cutting shift improves the machine s perform- 
ance and increases the life of the chain and jib. 

Coal-cutter Switchgear 

The majority of coal-cutters are electrically driven, and a few words on the 
switchgear will be of interest to the machinemen. 

Never insert or remove the plug without first isolating the cable at the panel 
switch. Keep the plugs clean. Move the switch decisively from step to step, with 
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Fig. 6. — Moving parts of the haulage gear 
Right-hand rope drum is removed to show hub and pawl. {Mavor & Couhon, Ltd.) 


a short pause in each position. Do not switch off a remote-control switch all 
the way in one quick action, but pause for a moment in the intermediate notch. 
If this pause is neglected, the switch on the machine may beat the contactor 
at the gate end, breaking the current at the isolating contacts of the switch 
and burning them unnecessarily! Arcing at contacts pits the copper surfaces, 
deposits a semi-conducting film on ^the insulation, and causes a certain 
amount of moisture to settle on the Witch-chamber casing, thus prqmoting 
corrosion. ' • , • * 

If any difiiculty is experienced in starting the motor the machineman should 
not interfere with the starter but shoWd report the fact to the electrician. The 
starter should be inspected by the electrician at regular intervals, usually once 
a fortnight, and the contacts cleaned and adjusted as necessary. The connections 
in the pilot circuit must be good, the panel switch kept in first-class order, and 
the -voltage steady. 


Haulage Gear 

The haulage section of the modern coal-cutter (Fig. 6) is a good example 
of fine engineering, and although built to fine limits, it is extremely powerful ; 
but to maintain this power the gear requires regular attention. The haulage end 
must be kept clean, and in some makes of coal-cutter the driving and retaining 
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pawls should be; examined 
weekly for any signs of chip- 
ping or blunting of the edgest 
any that are found defective 
should be replaced with new 
ones. Xhe same attention must 
also be given to the ratchet 
^ wheel. Weak or broken pawl 
springs require replacement, or 
serious damage wiU be caused 
to the teeth of the expensive 
ratchet wheel. Back lash in the 
actiett of the cam-operating levers should be taken up, otherwise the correct 
engagement of the feed to the haulage will not be possible. A regular check 
of the bearings will ensure that the train of gears all mesh properly. 

Some machines are now fitted with a clutch to prevent the possibility of 
haulage rope breakage in addition to relieving the gears, of strain. These 
clutches must be set to the correct limits as recommenced by the maker, and 
must not be interfered with by inexperienced persons. The adjustment should 
be made by using, a dynamometer, -the usujl setting being in the region of a 
10,000-15,000 lb. pull on the rope. 

The use of frayed ropes for the haulage is a dangerous practice, and these 
should be replaced with new ones. Serious accidents to the hands of the 
operators can be avoided by a careful watch on the ropes, particularly where 
they are fixed to the anchor post. The coiling of the rope on to the drum should 
be done evenly, and without kinking. This makes the work of obtaining slack 
rope much easier, as well as saving valuable time. On most coal-cutters there 
are two rope pulleys, termed bollards, and they require oiling at regular 
intervals to give a free working of the rope on to the haulage drum. 

Anchor posts must be set to the same line as the direction of the rope pull, 
at a slope of ijbout 45°, with the top of the post well set into the roof. If the 
floor is of a soft nature, it is an advantage to place a choke of hardwood under 

the rope and immediately to the front of the post (Fig. 7). 

* *» » 

FACE CONVEYORS 

Broadly speaking, only two types of conveyor are used for face duty : they 
are the belt and the chain. Both are good, but the chain has a wider field of 
application, it is more suitable for retarding with the gradient or conveying 
uphill, and under wet conditions is more durable than the belt. 

Grading of the Belt / 

All types of conveyors require a good straight line and correct grading. 
Rapid wear of the belt can be expected if the above points are neglected, and 
frequent breakages will no doubt occur during coal work. Bottom loading 



Fig. 7. — Anchor-post setting for a soft floor 
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Fig. 8.— a 25-35-h.p. face-belt conveyor drive head 
{Cowlishawy Walker & Co.y Ltd) 


belts are in wide use, especially in thin seams which are being worked to-day, 
but the system of application is often very inefficient. Although they are usually 
supplied by the makers, rollers and supports are seldom used, with the result 
that the belt scrubs along the floor under heavy load. It. is obviously illogical 
to lubricate the return druift and the snub rollers of the drive head, and yet 
ignore the serious friction on the* belt under such conditions. 

The inclination of the belt from the firive head should be gradual, and with- 
out any sudden dip. This rules out any tendency for the belt to lift ^hen it 
approaches the discharge end, or when it is fully loaded. It should be mentioned 
that grading is more important where top loading belts are employed. Ploughs 
fitted to bottom, belts must be securefy fastened, and at such an angle that the 
coal is delivered to the centre of the gate conveyor, if one is used. 

The Driving Unit 

A form of semi-flexible coupling is usually interposed between the motor and 
gearcase of the bottom belt conveyor, and it requires a fair amount of attention 
(Fig. 8). Even though the motor may have been set into perfect alignment 
during the installation, the movement of the floor may have upset the original 
jsetting, and a careful watch must be kept on it. Replacing the rubbers or 
other shock-absorbing material is much cheaper than renewal of the couplings. 
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Lubrication o^the driving unit 
should be attended to at the beginning 
of every shift and lubricators sUbuldbe 
topped up to the correct level. Avoid 
spilling oil on the belt, as it may cause 
surging on the drums, and will in any 
case rot the rubber. The bearings of 
^ the return drum also need greasing at 
regular intervals, largely on account 
of their being subject to the penetra- 
tion of small coal into the bearing 
housings. 

It* is essential that the ends of the 
belt be cut perfectly square when re- 
making a joint, otherwise the belt will 
“wander” and rub against the steel 
edges of the structure. For face con- 
veyors the use of hinge joints is not 
satisfactory, as the radius of the 
driving and return drums is too short 
to allow the amount of flexibility re- 
quired. Certain types of joint are avail- 
able that lend themselves to follow 
even the smallest-diameter drum with- 
out any danger to tearing of the belt. 

It is not intended to discuss the actual moving over of a face conveyor into 
the new track, as the conditions vary throughout the whole industry, and the 
nature of both floor and roof each have a bearing on the method used. 

Chain Conveyors * 

The use o( chain conveyors for longwall 'duty is finding favour at a great 
number of places, largely because of j:heir robust construction and ability to 
deal with large output without spillage. Grading, however, is of foremost 
importance,* and must be attended to, to prevent any possibility of the chain 
riding above the coal. The chains, usually in lengths of 6 ft., are joined together 
by either bolt and nut or pins and cotters. For face work the pin and cotter is 
quicker to insert and remove, but the cotter pins must be put in and the tails 
opened to secure them. The heads of the coupling pins should always be on the 
outside, except where the makers state otherwise. The tension of the chain is a 
matter of great impoitance, and should be adjusted so that about 4 in. of sag is 
available on the underside of the sprocket in the case of a head end drive. With 
a tail drive, such as a retarder, the slack chain is given off at the top and requires 
setting so that there is no doubling back of the chain links. A good feature of 
the tail-driven chain conveyor is its ability of following the contours of an undu- 
lating floor, and is worth considering when dealing with the problem of floor lift. 
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Steel props should 
not be set on the drive 
head, as this not only 
strains the bearings and 
shafts, but may lead to a 
fracture of the ge|ircase. 
Special feet are, in most 
cases, provided for the ^ 
staying of the head, and 
must be used at all 
times. 

GATE AND TRVNK 
BELT CONVEYORS 
Prior to the instal- 
lation of any major con- 
. veyor system, it is 
desirable to have the 
roadway surveyed, and 
a line plearly marked on 
the roof. No matter how 
this line is to be followed, 
either as the centre of 
the belt, or as a guide to 
the structure; there must be sufficient side clearance for a supply roadway. 
On the other hand, the space at the back of the structure should be such that 
any large pieces of coal that fall from the belt will not rub against the belt 
edges. 

Installation * 

It is important to see that the cirive head (Fig. 1 1) is set on to q solid founda- 
tion, and is perfectly level throughout. Always make certain that the clearance 
for the top belt is sufficient to allow easy passage to the largest piece .of coal 
that is likely to be carried without fouling thbVQof supports. The positioning of 
the head pulley should be determined by the speed of the belt, so as to avoid 
overthrowing or short pitching, whict would create spillage and extra work, 
and which would also reduce the rate of tub filling. 

The Loop Take-up Section 

The addition of a loop take-up section is a good feature in keeping the 
number of joints in the belt to a minimum. The loop frame must be set to the 
same level and plane as the drive head, to ensure a straight run of the belt and 
to ease the Avork of adjustment. The adding of structure to the frame must be 
carried out with consideration to the grading, and a fall of 4 in. to each 8 ft. or 
9 ft. of section is a good average. All sections must be cross levelled, and kept 
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Fig. 11.— a 75-h.p. trunkbelt drive head, showing hydraulic coupling 
{CowHshaw, Walker & Co.y Ltd.) 


dead to line. It is a great advantage to have the structure well up from the floor 
to allow easy examination of the return belt. 

Threading of the belt through the drive is best done by starting from the 
bottom. Have the loop sliding drum well forward so that the slack can be 
taken up without resorting to cutting the belt. Puring the first run, do not 
start immediately to adjust the idler rollers, ^but give the belt time to settle 
down. Begin any adjustment necessary by paying first attention to the return 
belt. This is of more importance than the top because the bottom one is hable 
to constant .frictiop by contact with the structure. Work in towards the tension 
end and train the return idlers, and on the way back to the driving unit the top 
ones can be set. A point to remember is that any adjustment to an idler does not 
affect the belt at that point but always some two or three yards farther on. 

Tronghed Idlers 

In the event of a troughed idler refusing to revolve, have it retnoved, as the 
friction to the belt will cause it to run out of line. It is the standard practice now 
for the manufacturer to construct the troughed idlers with the outside ends of 
the side rollers a little in advance of the centre one. The idea of this is to train 
the belt, and it is essential, that they be mounted the correct way, as shown in 
Fig. 13. Self-aligning rollers that pivot from the centre of the stand should be 
mounted at intervals of 50 yards or so. Troughed rollers less than 4 in. in 
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{CowlishaWy Walker & Co,^ Ltd.) 

diameter should not be used on a belt that travels at 200 or more feet a minute. 
The speed is rather high for small rollers, and will result in the collapse of the 
bearings. 

Cross-levelling of Conveyor Structure 

Cross-levelling of the conveyor structure must be carried out from end to 
end of the whole lay-out, and a spirit level used on the rollers to verify it. 

In all cases it is desirable for the conveyor to be kept clean,* but if the line 
has been followed diligently, and care* taken with the levelling, the need for 
cleaning up will not be so frequent. 

Protection of Tension Ends 

Tension ends are often subject to much abuse by the stone work in the 
ripping or brushing shifts, and to prevent damage to them, a guard of steel plate 
should be made to protect them. This device is most effective when semi- 
circular in shape, as the stone usually glances off without displacing it. A suitable 
guard would be about 8 ft. long and wide enough to straddle the conveyor. 
It should also be fitted with skids to facilitate installation. 

Chain Scraper-feeder 

The adopted method now of loading on to the gate belt is to employ a., chain 
scraper-feeder. This can be driven by a small motor and gearbox, or by the belt 
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Fig. 11.— a 75-h.p. trunkbelt drive head, showing hydraulic coupling 
{CowHshaw, Walker & Co.y Ltd.) 
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taken up without resorting to cutting the belt. Puring the first run, do not 
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to constant .frictiop by contact with the structure. Work in towards the tension 
end and train the return idlers, and on the way back to the driving unit the top 
ones can be set. A point to remember is that any adjustment to an idler does not 
affect the belt at that point but always some two or three yards farther on. 
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In the event of a troughed idler refusing to revolve, have it retnoved, as the 
friction to the belt will cause it to run out of line. It is the standard practice now 
for the manufacturer to construct the troughed idlers with the outside ends of 
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The machines are usually of two types, air cooled or water cooled, and either 
single or two-stage. Single-stage compressors have one or two cylinders of 
equal bore and stroke, while the two-stage ones have two or three, with one 
cylinder of smaller bore than the other two. This small one is the high com- 
pression cylinder, from which the air is forced into the receiver. Two-stage 
compressors invariably have an intercooling section between the two ‘stages, 
which takes the shape of a radiator composed of a large number of small pipes 
through which the hot air is passed. Behind the radiator a fan revolves, usually • 
driven direct from the engine crankshaft, and it is of vital importance that it 
turns in the right direction. 

Compressors driven by V-belts should be placed so that the driving belts are 
at the bottom of the pulleys. This is to maintain a good arc of contact even after 
the belts have stretched a little. * 

The valves in the engine should b*c examined every month, and deposits of 
carbon removed from the cylinder heads. The provision of a spare set of valves 
is sound practice, and will enable faulty ones to be replaced without any serious 
delay. In the evenv of fusible plug blowing, check over the valves in the high- 
pressure head for leakage. A blow from the safety valve of the intercooler often 
means a fault has developed in the heads of the low-pressure stages. 

The small cut-out valve is of delicate construction, and is* usually set to give 
a time lag of 5-6 lb. on the pressure gauge. For example, assuming that it is set 
to cut off at 60 lb., and upon reaching this figure the valve comes into action 
causing the compressor to “freewheel,” as the air is used from the receiver, the 
pressure gradually falls to 55 lb. and the cut-out regains its former position, 
thereby allowing the engine to begin compressing again. The adjustment to 
this time lag is, in most cases, made by the use of thin brass shims in the body 
of the cut-out valve, and should only be carried out by experienced persons. 

Air receivers should be drained of water at frequent intervals, and the safety 
valve tested each day by liftii\g it from its seat with a short lever. This also keeps 
the face of the valve clean. 

The pipes, cocks, and pump of water-cooled engines must be kept in clean 
condition, and the scale removed from the water jackets of the cylinder heads. 

A i-in. cock attached to the, air discharge pipe and a short hose are. welFworth- 
while, as they are useful for cleaning out the intercooler and air-intake filter. 

There are a great many more machines of various kinds in the coalmines 
to-day ; the types dealt with are most common, and to attempt to describe each 
one separately would require much more space than is here available*. It is 
hoped, however, that the advice offered in the space of this article will be 
of real help to those who are engaged in the operation and servicing of mining 
machinery. 


J. H. S. Y. 
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Bolt and Stud Fitting, i. 187 
Electric Motors, iv. 104 
Fitting Cotters, /. 184 
Flat-belt Drive Installation, iv. 464 
Forging Hammers, iv. 453 
Foundations for Oil and Petrol Engines, iv. 
36 

Foundations for Steam Hammers, i. 522 
Friction Drop Stamps, iv. 457 
High-pressure*Steam Pipes, iv. 384 
Instrument Installation, /r. 18 * 

Key !l^tting, /. 180 
Machine T®ols, /v, 446 ^ 

Oil and Petrol Engines, iv. 34 • 

Petrol-engine Lighting Set, iv. 57 
Pumps and Pumping, />. 121 
Steam and Air Hammers, iv. 456 
Steam Pipes, iv. 369 
Tolerances for Close Fits, /. 194 
V-belt Drive Installation, iv. All 
Water, Gas, and Air Piping, iv. 363 
Weighbridges, Hi. 380 

JIGS AND FIXTURES 

Assembly Fixtures, Hi. 98 
Assembly Welding Jigs, H. 168 
Automobile Welding Fixtures, ii. 144 
Block Indexing, Hi. 77 


Broaching Fixtures, i. 505 ; Hi. 90 
Chucking Automatics, Hi. 87 * 

Continuous Mijling Fixtures, Hi. 74 
Envelope Jigging System for Aircraft, 1 //. 216 
Floating Fixtures, Hi. 69 
Grinding Fixtures, Hi. 90 
Hardfning Fixtures, Hi. 106* 

Hobbing Fixtures, Hi. 79 
Hydraulic and Air-operated Clamps, Hi. 66 
Indexing Fixtures, Hi. 75, ^6 
J.B. Purefoy Unit Tooling System, Hi. 106 
Jig Boring, Hi. 1 35 
Jig Bushings, Hi. 70 
Jig Drilling, i. 302 ; Hi. 121 
Milling Fixtures, /. 333 ; Hi. 73 
Multi-direction Drilling Fixtures, Hi. 70 
Multi-tapping Fixture, Hi. 73 
Multi-tool Turning, Hi. 83 
Planing Fixtures, i. 491 
* Quick-acting Clamps, Hi. 66 
Soldering Fixtures, Hi. 100 
Stationary Boring Fixtures, Hi. 85 
Surface Grinding Fixtures, Hi. 92 
Tapping Fixtures, Hi.36 
Turning and Bojing Fixtures, Hi. 82 
Welding Fixtures, Hi. 101 


GAUGING, INSPECTION, AND TESTING 

Aero-eng[ne Inspection, Hi. 223 

Aero-engine Testing, Hi. 237 

Air-operated Gauges, Hi. 51 

Angular Measurements, Hi. 45 

Bronze Welded Joints, Testing, ii. 94 

Compression Tests, Hi. 295 

Corrosion Tests, Hi. 314 

Cupping Tests, Hi. 297 

Diesel-engine Testing, iv. 71 

Electronics in Mechanical Engineering, iv. 20 

Extensometers, Hi. 286 

Fatigue*Testing, Hi. 306 

Ga^-turbine Aero-engines, Hi. 251 

Gauge Blocks, Hi. 42 

Gauge Inspection, Hi. 326 

Hardness Tests, Hi. 300 

Indicators for Diesel Engines, iv. 76 

Inspection Systems, Hi. 324 

Instruments in Mechanical Engineering, iv. 1 

Interferometers, Hi. 41 

Johanssen Slip Gauges, Hi. 115 

Lubricating and Fuel Oil Testing, iv. 307 

Materials Testing, Hi. 284 

Micrometer and Vernier Calliper, /. 168 

Pressure Gauges, iv. 1 

Radiographic Inspection, /. 30 

Rockwell Hardness Test, Hi. 302 

Salvage Inspection, Hi. 327 

Solid Fuel Testing, iv. 343 

Speed Indicators, iv. 9 

Standards Room, Hi. 39 

Testing Plastics, Hi. 315 

Torsion Tests, Hi. 299 
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CLASSIFIED KEY 


Transverse Tests, Hi. 297 
Volume and'^^low Meters, h\ 10 

"^PRODUCTION PLANNING 
Costing, Hi. 354 
Factory Layout,, Hi. 12 
Market Survey, //7. 1 * * 

Material Control and Standardisation, Hi. Ill 
Merit and Wage Rating, Hi. 347 
Numbering Systems, Hi. 319 
Purchase Department, Hi. 279 
Stock Accounting, Hi. 280 
Survey of Production Planning, iii. 1 
Time and Motion Study, iii. 332 

ENGINEERING PRODUCTION WORK 
Aero-engine Production, iii. 219 
Air-operated Gauges, Hi. 51 
Assembly Line Layout, Hi. 156 * 

Carbide-tipped Tools, i. 465 
Gas-turbine Aero-engines, iii. 202, 239 
Gear Production Methods, i. 376 
Hydraulic Presses, H. 191 
Jigs and Fixtures, Hi. 6l * 

Locomotive Manufacture, iii. 186 
Machine-shop Practice, iii. 136 
Mechanical Presses, ii. 174 
Quality Production in Engineering, iii. Ill 
Quantity Production in Engineering?, Hi. 131 
Shipbuilding, Hi. 163 

GAS, OIL, AND PETROL ENGINES 
Dual-fuel Engines, iv. 93 
Foundation Work for Oil and Petrol Engine 
Installation, iv. 36 
Gas-injection Engines, iv. 95 
Gas Producers, iv. 99 
Indicators for Diesel-engine Testing, iv. 76 
Installing a Petrol Engine Lighting Set, iv. 57 
Installation of Oil and Petrol Engiifts, iv. 34 
Maintenance of Diesel Engines, iv. 67 • 

Operation and Maintenance of Diesel Loco- 
motives, iv. 61 

Pipes and Fuel Tanks for Oil and Petrol 
Engines, iv. 47 

Spark-ignition Gas Engines, iv. 91 
Starting Oil Engines, iv. 50 
Testing Diesel-type Engines, iv. 11 

STEAM ENGINES, TURBINES, AND 
BOILERS 

. Boiler-house Work, iv. 209 
Calorifiers, iv. 269 

Cochran Sinuflo Economic Boiler, iv. 190 
Electrode Boiler, iv. 203 
Feed-water Accumulators, iv. 206 
Installation of High-pressure Steam Pipes, iv. 
384 

Land Boilers, iv. 190 

Lubrication of Steam Turbines, iv. 442 


Marine Boilers, iv. 190 
Operating Efficiency of'Boilers, iv. 224 
Pulverised-coal Firing, iv. 321 
Raising S^eam in Boilers, iv. 212; in Steam 
Engines, iv. 402 

Running Combined Engines and Boilers, iv. 
410 

Ruston Thermax Boiler, iv. 194 
Ruths Steam Accumulator, iv. 206 • 

Starting-up and Running Stationary Steam 
Plants, iv. 408 
Steafn Boiler Plant, iv. 186 
Steam Engines, operation and maintenance, 
iM 393 

Steam-engine Testing, iv. 429 
Steam Injectors, Ejectors, and Water Heaters, 
iv. 263 

Steam Pressure Reduction and Desupefheat- 
ing, /V. 224 

Steam Turbines, operation and maintenance, 
iv. 435 

Traction Engines, iv. 41 1 
Treatment of Water for Boiler Purposes, iv. 
350 

Uniflow Steam Engine, iv. 494 
Waste-heat Boilers, iv. 199 
Wet-back Boilers, iv. 194 
Yarrow Water-tube Boiters (land), iv. 226; 
(marine), iv. 240 


POWER TRANSMISSION 

Alignment of Couplings, iv. 118 
Ball and Roller Bearings, i. 201 
Belt Drives for Electric Motors, iv. 113 
Designing a Flat-belt Drive, iv. 464 
Installing a V-belt Drive, iv. 472 
Joining Flat Belts, iv. 458 
Power Transmission by Belting, iv. 458 
Pulleys for Belt Drives, iv. 462 
Rules for Gear Sizing, /. 360 
Shaft and Pulley Alignment, iv. 116 
Spur Gearing, i. 356 , 

V-belts, iv. 469 
• 

OPERATING ENGINEERS* WORK 

Boiler-house Work, iv. 209 

Coal-cutting Equipment, iv. 496 

Combined Engines and ^oilers, iv. 410 

Diesel Engines, iv. 61 

Forging Equipment, /. 528 

Gas Producers, iv. 102 

Grinding Machines, /. 388 

Liquid Fuels and Liquid-fuel Firing, iv. 285 

Operating an Electrode Boiler, iv. 203 

Pumps and Pumping, iv. 121 

Running Stationary Steam Plants, iv. 308 

Starting up an Oil Engine, iv. 50 

Steam BoUer Plant,, /v. 186 

Steam Engines, iv. 398 

Steam Turbines, iv. 437 ' 
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A.C. welding plant, //. 3, 25 
in shipyards, ii. 135 
Accumulator unit, nitrogen- 
loaded, iv. 150 

Acciflmulators for presses, ii. 
214 

Aero engines, iii. 219 
assembling, iii. 230 
gas-turbine, iii. 202, 249 
Ignition timing, iii. 237 
inspection procedure, iii. 223 
machining, lii. 220 
materials, iii. 219 
piston engines, Hi. 219 
protective packing for, Hi. 
401 

standards. Hi. 224 
subassemblies, Hi. 231 
testing, Hi. 237 
turbo-jet (Wall Chart No. 
8 ) 

valve timing, iii. 236 
Aeronautical Inspection De- 
partment, Hi. 224 
Aerotight nuts, ii. 507 
Age hardening, i. 29 
Ageing, artificial, i. 29 
Air: 

atomising burners, iv. 302 
-clamping fi?^ure, Hi. 78 
compressors, mining, iv. 
511 

control, water-tube boilers, 
iv. 234, 243 • 

-cushion equipment, ii. 177 
distributors, oil burners, iv. 

284 , 

ejection fixture. Hi. 79 
filtration (jcc Air filtration) 
fuel testing for excess, iv. 348 
heaters, iv. 190 
boilers, iv. 237 
hydraulic intensifiers, li. 
216 

Ministry Specifications, H. 
297 

natural and forced draught, 
iv. 290 

-operated clamps, Hi. 66 
gauges, Hi. 51 

E.W.P. IV— 17* 


I Air — (^ontd. 

properties of (Wall Chart 
No. 5) 

-pump valves, condensing 
engines, iv. 426 
speed indicators, iv. 12 
Aircraft manufacture, Hi. 202 
{see also Aero engines) 
fuselage and wings. Hi. 214 
gas-turbine engines, Hi. 202 
propellers. Hi. 208 
• weighing, 'Hi. 3S6 
Air filtration, iii. 28 
applications of, iii. 29, 38 
cloth filtration, ip. 33 
dust collection, iii. 31 et seq. 
Howden Cendcelly iii. 3} 
/l600 Kompak, Hi. 31 
A//rr(7-K panels. Hi. 30, 31 
textile tubes, in. 35 
Visco filters, iii. 31, 34 
Yokes filters. Hi. 36, 37 
Airtrip units, li. 226 
Ale lad sheet, H. 295 
Alkathene, iii. 400 
Allotropes, i. 24 
Alloys (Presswork), H. 189 
Alloy steels, i. 25 ; ii. 437# 
Alpha iron, i. 23 ^ 

Alternating current {see A.C. 

welding plant) 
Aluminium,!/. 294, 437, 463 
alloys, H. 460 
castings, //. 461, 463 
containers, iii. 395 
extrusion, /7..470 
flame brazing, ii. 108 
heat-treatment, ii. 461 
machining, //. 469 
properties of, ii. 463 et seq. 
surface finishing, H. 470 
wrought products, //. 464 
Amino plastics, ii. 493 
Angle(s) : 

bending, ii. 392, 395 
elbow, /■/. 297 I 

of elevation, headstock 
spindle, i. 343 
projection, drawings, i. 9 
Anglesmiths, Hi. 175 
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Annealing, i. 27 
Anthracite fuel, iv. 99 
Anvil block, forging hammer, 
iv. 458 

Aquastat plant, iv. 360, 361 
Arc welding : 
carbon process, H. 19, 21 
downhand butt welds, H. 
10 

horizontal-vertical fillet 
w^lds, H. 1 1 
•joints, H. 13-19 
key, number of runs, H. 12 
testing, ii. 22 
tilted fillet welds, ii. 1 2 
Archdale boring machines, Hi. 
85, 86 

pre-select speed radial drill- 
ing machine (Data sheet 
No. 15) 

Ardaloy, i. 235 

Areas and circumferences of 
circles (Wall Chart No. 3) 
Argonarc velding process, ii. 
24 

Armature presses, ii. 202 
Arrowhead moulding, ii. 351 
Assembly, automobile bodies, 
H. 144, 152 et seq. 
fixtures, design, iii. 98 
line, automobiles, iH. 156 
shop, shipbuilding. Hi. 172 
Atmospheric conditions, plant 
installation, iv. 107 
Atritor pulveriser, the, iv. 330 
Austenite, i. 24 
Auto Collimator, iii. 46 
Autographic recorders, Hi. 295 
Autolec boiler plant, iv. 205 
Automatic guards, H. 226 
indexing fixtures. Hi. 77, 78 
screw machine, B.S.A. No. 

98 (Data Sheet No. 14) 
trimming lathe, H. 414 
Automobile bodies, welding, 
ii. 140, 151 

assembly tracks, H. 153 
“back-up” strips, ii. 148 
compact layout, ii. 162 
fixtures for, ii. 144, 159 
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Automobile fiodies, welding 
— ^ontd. i 

guns, types of, //. 146, 147 
inspection, ii. 166, 173 
poker welding, ii. 150 
practical examples, ii. 152 
roller-type equipment, ii. 
149 

Avery testing machine. Hi. 285, 
295 

Axial-plunger pump, iv. 147 


Babcock & Wilcox air regis- 
ters and burners, iv. 294 
boilers, iv. 212 e/ seq. 
E-type pulveriser, iv. 334 
tube mill, iv. 332 
water-softening systems, iv. 
356 

Baby water heater, iv. 278 
Bakelite testing cylinders, Hi. 

311 • 

Balata belts, iv. 458 et seq. 
Ball and roller bearings, ap- 
plications of (Wall Chart 
No. 6) 

Bar- and tube-drawing dies, ii. 
430 

Bearings : 

ball and roller (Wall Chart 
No. 6) 

lapping of, /. 437 
plastic, ii. 488 
Bedplate patterns, /. 56 
Belts and belting: 
drives, electric motors, iv. 
113, 458 

horse-power data, iv. 114 
true alignment of, iv. 115 
flat belts, iv. 458 
faults in, iv. 464 
formulae, iv. 466 
for machine tools, iv. 451 
V-belts, iv. 469 et seq. 
Bench-type sensitive drills, /. 
286 

Bending by machine, i*i. 367 
angles, ii. 392 
channels, ii. 396 
cold V. hot bending, ii. 374 
draw bending on compres- 
sion bender, ii. 383 
drawbar method, ii. 382 
effects on metals, ii. 368 
flat bending, ii. 390 
important observations, ii. 
381 

Kennedy Universal ma- 
chines, ii. 389 
lead loading, H. 387 


Bending by machine — Contd. 
low-melting point filler, ii. 

388 t. 

machines, requirements for, 
ii. 402 

pipes,</7. 077 
pitch and resin, ii. 386 
press method, ii. 371 
Bending (presswork), ii. 1 76 
revolving former, ii. 372 
roll method, ii. 371 ‘ 
sand as a loading, ii. 386 
section bending, li. 388 
stationary former, ii. 373 
straightening by machine, ii. 
400 

to measurement, ii. 398 
tube loading, ii. 385 
tubes, ii. 379 

Bend tests, materials. Hi. 297 
Bends and joints, pipes, iv. 373 
Beryllium-copper, ii. 474 
Beta iron, /. 23 

Bevel gears, aero-engine, /ff. 
229 

Bin-aural equipment. Hi. 194 
Bittac sprjjying, ii.’HS; m. 
160 

Blacksmiths, Hi. 172, 175 
Blades, turbine, iv. 444, 445 
Blanking process, the, ii. 1 74 
cutting rules, use of, ii. 175 
dies, //. 175 

multiple piercing, ii. 175 
Bliss 1(K 84 double-crank press 
(Data Sheet No. 22) 
Blueprints, /. 9 

Boiler-house work, iv. 209 (see 
also Boilers, and Steam 
i)oilers and boiler plant) 
auxiliary plant, iv. 222 
Callendar’s Steam Tables, 
iv. 21 1 

chain-grate stokers, iv. 215, 
,217 

corrosion, treatment ll)v iv. 
362 

fire thickness^ iv. 218 
lagging, iv. 228 
loading conditions, iv. 223 
operating efficiency, iv. 224, 
237, 244 

placing economiser in oper- 
ation, iv. 223 

preparing plant for load, iv. 
223 

pressure, maintaining, iv. 
406 

process steam layout for 
dyeworks, iv. 220 
raising steam, iv. 212, 216, 
240 


-IV 

Boiler-hewse work — Coi^td. 
reduemg valves, iv. 254 
riveting, ii. 285 
safety valves, iv. 229, 230 
saturated steam, iv. 214 
sensible and latent heat, iv. 
213 

setting high- and low water 
alarms, iv. 229 
shop, locomotive manu- 
facture, Hi. 192 
steam boilers (see Steam 
boilers and boiler 
plant) 

pressure, iv. 210 
superheated steam, iv. 214 
vertical arrangement, if. 229 
washing out, iv. 228 
water treatment, iv. 350 
Boilers (.9^^ also Boiler-house 
work, and Steam boilers 
and boiler plant) : 

Babcock & Wilcox, iv. 211 
combined systems, iv. 220 
dry-back economic, iv. 210 
hand-fired W.I.F., iv. 211 
Lancashire, iv. 209 
stationary, iv. 401 
steam, iv. 186 (see also 
Steam boilers and boiler 
plant) 

water-tube, iv. 216, 226; 
(marine), 240 

Yarrow (land), iv. 226 ; 
(marine), iv. 240 
Bonderite solution. Hi. 1 60 
Borehole pumps, iv. 165 
Borematic machine, in. Ill, 
124, 153, 155 

Boring camshaft holes. Hi. 123 
fixtures, Hi. 85 
in the lathe,/. 253 
with horizontal machines, i. 
305-18 

Boring machines^ i. 305 
. factors • governing opera- 
tions with, /. 317 
non-travclling spindle, i. 
313, 

plain spindle type, /.. 306, 
310 

Richards Nov 5 PRT (Data 
Sheet No. 1 8) 
boring and turning with 
(Data Sheet No. 19) 
spherical boring, /. 318 
travelling spindle, f. 316 
Bourdon gauges, iv. 13, 21 
Branches and bosses, pipes, zv. 
378 

Brass and nickel silv^, ii. 
295 
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Brazing, stainless steely ii. 1 1 3 
Brinnelf test, the, UL 300 et seq. 
B.S. for, /. 30 

British and Metric threads, /. 
245 

British Imperial Standard, Hi. 
40 

british Standards : 
aluminium and its alloys, ii. 
463 et seq. 

* boilers, preservation of, iv. 
239 

coding for bolts. Hi. 319 
cup flow tests, plastics. Hi. 
318 

dimensions for test pieces, 
m»29l 

gap and plug gauges, iii. 322 
Institution, iii. 282 
materials testing, iii. 318 
metallurgy, i. 30 
nuts, in. 321 

oils for turbine use, iv. 442 
pins, Hi. 322 

preservation of boilers, iv. 
239 

protective filters, wgldmg, li. 
6 

railway rolling stock, in. 1 89 
rivets, Hi. 322 

tyre steels, locomotive, in. 
197 

washers, in. 321 
water treatment for boilers, 
IV. 236 

wrought steels, ii. 442 
British Thermal Unit 
(B.Th.U.), iv. 281 
calorific values, solid fuels, 
iv. 343 

Broaching and broaching 
machines, /^499 
advantages of, i. 500 
backing off operation, i. 464 
broach pulling shanks, /. 505 
broaches, sflarpenitip, i. 464 
cutting fluids, i. 504 
fixtures. Hi. 90 
machines, types of, /. 506 
tools, i. 502 

typical examples of, /. 501 
Bronze welding, H. 91, 95, 99 
alloys, ii. 105 
brass, ii. 104 
bronze surfacing, ii. it)6 
building up the weld, //. 96 
cooling after welding, ii. 101 
flames, types of, ii. 95 
fluxes, ii. 93 
joints, H. 94 

locomotive cylinder repair, 
ii. 92, 93 


Bronze welding — Contd. 
malleable iron, ii. 103 
o^cast iron, ii. 97 
preheating, ii. 98 
procedure for castings, ii. 98 
rods, li. 91 » • 

sheet-steel, li. 102 
Sifbronze welding, ii. 95, 
100 

special precautions for, ii. 

99. 

stainless steel, ii. 104 
tinning, ii. 96 
lipping tools, ii. 106 
B.S. A. No. 98 single-spindle 
automatic screw machine 
(Data Sheet No. 14) 
Bullard Man-aii-Trol lathe, ni. 
148 

Burners, oil-fuel, iv. 288 et seq. 
Babcock & Wilcox, iv. 

294 et seq. 

Hex- Press., iv. 304 
• Hot and Hot or*Cold, iv. 

297 

Thornycrofl. iv. 296, 297 
Todd cquipmei^t, tv. 300 
pulvcrised-fuel, iv. 336 
water- tube boilers, ir. 24$ 
Butt welding : 
joints, aluminium, ii. 1 1 1 
steam pipes, iv. 389 


Cables for drills, 1 . 285 
Callendar's Steam Tables, iv. 
213 

Calorific values, fuels, iv. 345 
oil fuels, /V. 281, 320 
Calorifiers, iv. 269 « 

Calorimeters, iv. 343 ^ 

Calumet burner, the, a , 339 
Cam grinder, Landis, ni. 142 
turning maChine, Hi. 140 
Cameron condensate pumps, 
/v.*163, 164 

Cams for milling, setting out, 
i. 352 

Camshafts, Hi. 140 

aero-engine, iii. 222, 228 
Capstan lathe, indexing fix- 
ture for, iii. 86 
spindle and turret align- 
ment on, iv. 453 
Ward type, ni. 200 
Car bodies, finishing, ii. 270, 
351 

Carbide-tipped tools, i. 465 
brazing methods, /. 468 
chip-breakers, i. 490 
Cincinnati milling machine, 
i. 466 
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Carbide-tipped Contd. 

^coolants, i. 490 
cutting rake, i. 474 et seq. 
feed rates, /. 480 
grinding, i. ^79 
jig boring, i. 480 
method of using, i. 476 
milling operations, i. 478 
Mitia grade TA-5, i. 465 
secondary clearance, /. 488 
setting the tool, i. 479 et seq. 
sintered carbides, /. 487 
speeds and cutting rakes, 1 . 
485, 488 

tipping, method of, i. 466 
Wickman Alumil cutter, /. 
479 

face, mill, i. 479 
Midtimill, relapping, i. All 
Wimet tools, i. 466, 472 
Carbon forming in furnaces, 
IV. 293 
steel, I 25 
CaAurising, /. 28 
Case-hardening, i. 28 
Cast iron, oxygen cutting of, 
n. 121 

Casting a turbine casing, iii. 
264 

Castings : 

and forgings, iii. 62 
for aero engines, Hi. 241 
in shipbuilding, ii. 139 
purchase of, iii. 276 
Cathode-ray oscillograph, iv. 
31 

tube, iv. 28 
Caulking, iii. 174 
Cellulose acetate, ii. 493 
Cement grouting, machine 
tools, iv. 446 
testing. Hi. 295 

Cemented carbide-tipped cut- 
ters, i. 337 

Cementing, laminated mate- 
rial, li. 496 
Cementitey i. 25 
Centreless grinding, i. 403 
Centrifugal pumps, iv. 151, 
165 

Centring in lathe, i. 238 
Chain-grate stokers, iv. 215 
Change-gear arrangements, 
lathes, /. 241 
Channel bending, ii. 395 
Characteristic curves, pumps, 
iv. 154, 161 

Charpy test-piece, iii. 305 
tests, B.S. for, i. 30 
Chassis assembly, auto- 
mobiles, iii. 159 
Chromium, i. 26 ; ii. 437 
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Chucking aifiomatics, fixtures 
for, Hi. 87 ,, 

Chucks : 

four-jaw independent, /. 250 
magnetic, i. J89 
metal spinning, ii. 405 
Taylor oval type, ii. 408 
types of, /. 24fi 

Churchill-Cleveland Rigid- 
hobber, Hi. 82 

grinding machines, i. 309, 
396, 401 

HDA grinding machine 
(Data Sheet No. 17) 
Cincinnati Duplex miller, iii. 
139 

Circuits, refrigerating, iv. 491 
Circulators, steam plants, iv. 
400 

Civil Engineering Department, 
Hi. 16 

Clearances, turbine, adjust- 
ment of, iv. 444 , 
Coal-cutters, iv. 496 • 

haulage gear, iv. 500 
lubrication, iv. 499, 508 
pick chains, iv. 498 
setting -picks in position, iv. 
498 

switchgear, iv. 499 
the jib, iv. 497 
Coal for boiler firing, iv. 187 
Cobalt, ii. 438 

Cochran Sinuflo boilers, iv. 
189 et seq. 

Cocoon packaging, Hi. 398 et 
seq. 

Cold bending v. hot bending, 
//. 374 

working, metals, i. 23 
Colour marking, sheet metals, 

ii. 296 

Combined engines and boilers, 
iv. 410 

Comparator(s), Hi. 1 1 5 seq. 
internal. Hi. 56 
units, gauges, Hi. 54 
universal type, Hi. 57 
Compressed-air receiver, water 
drain, iv. 49 * 
system, locomotives, iv. 66 
Compression bender, H. 383 
tests, materials, iii. 295 
Compressors, refrigerating, iv. 
488 

Concrete work, iv. 37 
Condensate pumps, iv. 163 
Condensing plants, operation 
of, iv. 408 

Connecting rods, automobiles, 

iii. 143 

steam engines, iv. 423, 427 


Conradson carbon residue tes- 
ter, iv. 317 

Constant-angle drills, i. 7^1 
Constitutional diagrams, i. 19 
Conversion factors (Wall 
Chart No. 4) 

Conveyor belts, automobile. 
Hi. 157 

Conveyors, mining, iv. 501 
chain scraper feeder, iv. 447 
chain type, iv. 503 
cross-levelling of structure, 

iv. 506 

driving unit, iv. 502 
gate and trunk, belt, iv. 504 
grading of the belt, iv. 501 
loop take-up section, iv. 504 
protection of tension ends, 
iv. 506 

troughed idlers, iv. 505 
Cooling curves, metals, i. 19 
Copper, ii. 295, 363, 471 
Alpha alloy, it. 476 
-base Alloys, ii. 475 • 

Beta and Alpha-Beta alloys, 
(7. 478 

cadmium, ii. 474* 

! cast, alloys of, H. 480 
.corrosion, resistance to, H. 
482 

Development Association, 

ii. 483 

electrical conductivity of, ii. 
473 

machinability of alloys, //. 
481 

mechanical properties of, H. 
47 1 et seq. 

Post Office bronze, H. 474 
^lution-hardened, alloys of, 
ii. 474 

welding and brazing, //. 483 
Core-binders, synthetic resin, 
ii. 489 • 

Coreprints and coreboxes, i. 41 
Core sand, /. 1 1 7 ^ 

shop, /. 120 

Comer bcndirig by machine, 
ii. 390 

Correction factor, V-belts, iv. 
479 

Corrosion : 

fatigue, steam pipes, iv. 392 
in boilers, iv. 362 
of copper alloys, ii. 481 
tests, B.N.F. jet methods, 

iii. 315 

salt spray. Hi. 3 1 5 
Corwell joint, steam pipes, iv. 
391 

Costing, iii. 254 
budgetary control, iii. 370 


-IV ' 

f 

Costing*— Cort/i/. 
depreciation and obsoles- 
cence, iii. 364 
estimating, iii. 355 
interest on capital, iii. 366 
labour, iii. 360 
methods of, in. 358 
overheads, iii. 361 $ 
standard costs, iii. 367 
statistics, iii. 355 
stock accounting, iii. 358 
uniform costing, iii. 373 
Costs, oxygen-cutting, //. 128 
Counter-blow hammers, /. 531 
Cranes, shipyard, iii. 167 
Crank, index, /. 324 
Crankcases, aero-engi«e, iii. 
221, 228 

Crankpins, alignment, aero 
engines, iH. 226 
Crankshaft(s), aero-engine, in, 
220 

bearings, steam engines, iv. 
418, 427 

drilling oilholes in, /. 274 
final grinding, iii. 120 
lapping of, /. 440 
lubrication, steam engines, 

iv. 418 

machines. Hi. 144 
testing with spirit level, iv. 45 
Creep tests, materials, Hi, 308 
Cri-dan machine, ///. 155 
Crown-wheel turning mach- 
ines, Hi. 151 
Crystals, metals, /. 22 
X-ray analysis of, i. 30 
C.T.M.-type boiler, iv. 219 
Cupping tests, materials. Hi. 
297 

Cutanit, i. 235 

Cutting speeds, mild steel, ii. 
124 

Cutting tool(s), H. 328 
chisels, ii. 328 * 

edges, ?appin^ of, i. 445 
gang slitting machines, //. 
331 

guillotines, ii. 326 
holloV punch, ii. 328 
power-operated, ii. 328 
shears, H. 328 
snips, ii. 326 
speeds, /. 488 

throatless rotary shears, H. 
329 

Cyaniding, /. 28 
Cylinder blocks, iii. 1 39 
^ero-engine, iii. 229 
lubrication, steam engines, 
/V. 414 

reconditioning, i. 420 
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Dawson joint, steam ijipes, iv. 

37d 
D.C. : 

generators, ii. 25 
shipyard equipment, /■/. 135 
welding sets, li. I 
De-enamelling by caustic soda, 
• //. J66 

caustic soda solution, li. 267 
safety precautions, ii. 269 
• sludge removal, //. 267, 269 
Dehydrating agents, in. 396 
Denham Superspeed lathe, i. 
230 

Derwent V aero engines, in. 
239, 250, 256 

Dcscayng by sodium hydride, 
ii. 260 

Desuperheaters, i\\ 259 
automatic temperature con- 
trol. iv. 262 
calonfiers, iv. 269 
closed or surface heater, 
IV. 273 

direct-contact heating, iv. 
274 

ejectors and wa^er lifters, iv. 
268 • 
fixing method, iv. 266 
heat transmission, /v. 271 
Hopkinson’s, iv. 259, 260 
injector difficulties, iv. 268 
live steam, water heating, iv. 
21b 

non-storage calonfiers, iv. 
270 

Pemberthy Auto, iv. 267 
ejector, iv. 270 
Premier injector, iv. 270 
steam consumption of, iv. 
264 

superheat, iv. 261 
volume of flischargc, iv. 
264 

water, for, iv. 262 
heaters, h\ 272 • 
Weir-iypQ heater, iv. 274 
De-Vlieg jig mill, lii. 137 
Diagrams, steam engine, iv. 

433 •. 

Dial-gauge exlensometer, iii 
289 

weighbridges, iii. 378 
Diamond abrasive, honing, i. 
421 

-point type drill, /. 273 
Diaphragm-operated valves, 
iv. 255 

Die casting, /. 133 50 
central-gate process, /. r44 
cold-chamber machine, /. 
142 


Die casting — Contd. 
gooseneck machine, i. 141 
split-gate process, 1 . 145 
steels, /. 149 

Die forging, presses for, ii. 212 
Dies: , , 

and moulds, lapping of, i. 
433 

bar- and tube-drawing, ii. 
430 

design# powder metallurgy, 
/V. 419 

extrusion, //. 435 
lor p^esswork, n. 175 
heading, //. 435 
heat-treatment of, /. 532 
materials for, /. 147 
I sinking, I. 531 
I solid-shaped, <1 433 
steels for, ii. 449 
tungsten-carbide, /. 544; n. 
424 

wire-drawing, /. 542; n. 427 
Diesel : * 

engine, solid-injec'’on type, 
/r. 51,53 

-driveji pumps, /v. 170 
the (Wall Cliart No. 9) 
Diesel locomotives, in. 187, 
198, 201; /V. 61 

; compressed-air system, iv. 

I bfi 

examination periods, iv. 67 
I gearbox, iv. (U 
I injection equipment, care of, 
/V o9 

mam frame and running 
gear, iv. 65 
power unit, /i . 62 
Ruston injector tester, i\^. 69 
Ruston Mark 37 fuel* in- 
jector, IV. 64 ♦ 

vertical-type six-c^ linder, iv. 
63 . • 

Diesel-type engines, tests on, 
iv, 7 1 

btffiJ brake, iv. 84 
B.H.P., measurement of, iv. 
82, 84 

brakes, friction, iv. 82 
cathodc-ray indicator, iv. 81 
connecting reducing gear, 
iv. 73 

diagrams, iv. 74 
Dobbie-Mclnnes indicator, 
iv. 72 et seq. 

drum cord, setting the, iv. 73 
dynamometei s, electric, iv. 
87 

Farnboro indicator, iv. 79 
Froude dynamometer, /v. 85 
indicator, the, iv. 71, 74 


Diesel-type cngivics— Contd. 
M.l.P. and I.H.P., measure- 
ment of, iv. 16 • 

optical indicator, iv. 79 
planimeler, use of, iv. 11 
1 educing geHrs, iv. 12 
DilTcrential indexing, i. 345 
shaft, automobiles, iii. 153 
wheel, the* iii. 152 
Diode valve, iv. 20 
Direct-contact water heating, 
/V. 274 

Direct current (see D.C.) 
Dobbie-Mclnnes engine indi- 
cator, iv. 72, 429 
Wade reducing gear, iv. 430 
Dowel-pin holes, in. 121 
Downstroke presses, ii. 196 
Drawbar bending, n. 382 
Drawing Office, shipbuilding, 
til. 174 

Drawingfs), photocell tracing 
head for, iv. 30 
'i'orkffhop, /. 9 

Drawn contours, presswork, 

ii. 179 

Driers, steam, iv. 409 
Drilling and tapping fixtures, 

iii. 69 

Drilling machines, i. 285 (see 
also Drills and drilling) 
Archdale pre-select radial 
(Data Sheet No. 15) 
bench-type sensitive, i. 286 
direct-driven, i. 288 
duplex t''pe, /. 294 
five-way automatic drilling 
and tapping, i. 298 
for deep holes, i. 296 
heavy-duty vertical, i. 290 
high-speed vertical-pillar, i. 
289 

horizontal type, /. 294 
inultiple-sensitive type, /. 

288 

-spindle type, /. 294-97 
photo-electric control, /. 

299 et seq. 
radial type, i. 291 
vertical crankshaft type, /. 
299 

Drills and drilling, i. 273-304 
cutting angle, /. 281 
design qf, /. 211 
flat diamond-point type, 
273 

grinders, i. 284 
grinding, i. 280 et seq. ; /. 463 
hand braces or breast type, 
/. 283 

jig drilling, i. 302 
1 laminated material, ii. 497 
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Drills and dialling — Contd. 
lubrication, /. 280 ^ 

maiScing-out, /. 303 
oilholes in a crankshaft, /. 
274 

portable electric, i. 284 
ratchet brace, i. 253 
reaming holes, 304 
special steels, ii. 457 
speeds and feeds, i. 280, 285 
twist, 275 et seq. 

Drive design formulae, V-belts, 
iv. 473 

gear, checking. Hi. 211 
Drives, flat-belt, iv. 463 
power hammer, iv. 457 
Drop and forge hammers (sec 
also Drop forging) : 
forging hammers, iv. 454 
foundations for, /v. 453 
friction drop stamps, iv. 459 
installation and mainten- 
ance, iv. 453 ^ 

pneumatic power hamnvrs, 
IV, 456 

removing tup from rod, iv. 

455 

steam and air hammers, iv. 

456 

Drop forging, i. 524 
coining presses, i. 531 
counter-blow hammers, i. 
531 

dies, i. 532 

drop hammers, i. 528 et seq . ; 1 
iv. 457 ' 

gap rolls, i. 531 
grain flow, i. 527 
hammers, installation of, iv. 
453 

heat-treatment, i. 533 
helve hammers, i. 530 
impressions, use of, i. 526 
inspection and testing, i. 534 
pneumatic power hammers, 
/. 530 ; iv. 456 

presses and machines, i. 530 
rotary swaging machines, i. 
531 

scale removing, i: 527 
sinking, i. 532 
trimming presses, i. 530 
tools, /. 533 

Drop hammers, /. 525 et seq. 
Drop stamp, forming by, ii. 
185 

alloys, types of, ii. 189 
heat-treatment, H. 190 
pressure plates, ii. 187 
shrinking, ii. 189 
Drummond attachment, lathe- 
work, /. 259 


Drum pump, iv. 175, 176 Electrogic(s) — Contd. 

D.T.D. 166 B steel, i. 26; 331, eddy-current heating, iv. 21 

i. 25 electron microscope, the, iv. 

Dual-fuel engines, iv. 88 et seq. 29, 32 

Duplex drilling machines, i. Ernotrol controller, iv. .24 
f. motor speed control, iv. 23 

oil pumping unit, iv. 298, Pacitor tank gauge, iv. 25 
299 photocell, iv. 29 . 

power pump, vertical, iv. tracing head, iv. 30 
143 proximity meter, iv. 24 

Duralumin, ii. 295 « radiography, iv. 33 

ageing, i. 29 Simmons tank gauge, iv. 27 

sheet, cutting, i. 223 soldering and brazing, iv. 

Dynamic balance, crai^kshafts, 21 

Hi. 146 supersonic testing, iv. 28 

voltage control, motors, iv. 

Economiser relief valves, iv. 23 , 

229 Electron microscope, iv. 29, 32 

Eddy-currenf heating (metals). Electrostatic method, paint- 
IV. 21 ing. Hi. 161 

Edge bending, H. 388 Elliott Invicta shaping 

Ejectors, steam, iv. 263 et seq. machine (Data Sheet No. 
Electrical engineering, plastics, 21 ) 

ii. 490 . Ernotrol electronic control, iv. 

supply, shipyard welding, 24 

It. 135 Enamelling, synthetic, cars, 

water conditioning, IV. 360 Hi. 1^61 

Electric dynamometer, the, iv. Endless joint, Balata belts, iv. 
87 458 

locomotives, lii. 199 Engineering Planning Depart- 

Electric motors : ment. Hi. 6 

atmospheric conditions, iv. Engines: 

107 connecting shafts, iv. 40 

bedplates, levelling, iv. 1 1 1 crankshaft, lining up, iv. 42 

belt drives, iv. 113 et seq. diesel (Wall Chart No. 9) 

connecting up, iv. 120 diesel-type, tests on, iv. 71 

direct-coupled drives, IV. 118 dual-fuel, iv. 90 
drying out methods, iv. 109 erection, iv. 39 
foundation bolts, grouting Erren gas-injection, tv. 95 
^ in, iv. 112 fuel consumption, iv. 53 

gear and chain drives, iv. gas, types of, iv. 88 

117 “gas-blast” injection, iv. 96 

installationof, IV. 104 instantly Convertible gas 

lubrication of bearings, iv. type, iv. 90 

110 normally aspirated dual- 

pedestal-bcaring machines, fueUiv. 93* 

IV. 119 ' oil and petrol, iv. 34 

pipe-ventilated, iv. 119 petrol (Wall Chart No. 11) 

rope drives,' IV. 1 17 placing flywheel on shaft, 

testing insulation, iv. 109 ivi-^3 

Electric resistance welding, ii. spark-ignition, iv. 9r 

34-55 starting after erection, iv. 

Electrode boiler, the, iv. 203 50 

Electrodes in shipyards, Hi. steam, operation of, iv. 393 

177 vertical-type six-cylinder 

Electronic(s) : diesel, iv. 62 

cathode-ray oscillograph, IV. vibration measurement, iv. 

31 32 

cathode-ray tube, iv. 28 Engine testing, automobiles, 
dielectric heating, IV. 23 ' iii. 157 

diode and triode valves, iv. aero-engine, iii. 237 (see also 
20 Aero-engines) 
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“Envelope” jigging system, 
i/7.216 • 

Erichsen curves, materials, Hi. 
298 

Erren engines, iv. 95 
Escaloy, /. 235 
Etching of metals. Hi. 310 
Eumuco pneumatic hammer, 
fi 516 

Eutectoid, /. 24 

Evaporators, refrigerator, iv. 
484 

Ewing, Hi. 287 

Exhaust steam feed-water 
heaters, iv. 408 
Extensometers, Hi. 55, 286 

Extrusion dies, ii. 435 

• 

Faceplate work, lathes, i. 252 
Facing chuck machine, /. 315, 
316 

Factory Acts, //. 217; iii. 16, 
179; iv. 210, 239 
Factory layout, Hi. 12 et seq. 
board technique. Hi. 22 
civil engineering, in. 16 
engineering plaitning, in. 15, 
23 

flow sheets, in. 18, 20, 21 
group systems, in. 21 
industries, classification of, 
in. 19 

liaison between depart- 
ments, Hi. 14 

maintenance departments. 
Hi. 17 

mass production, in. 14 
mixed layouts. Hi. 22 
new installations, ///. 25 
production planning, / ’. 15 
purchase department, Hi. 1 7 
safety department, Hi. 16 
scale models, Hi. 26 
site selection, Hi. 13 
supervisory personnel, Hi. 
18 

time and motion study. Hi. 
15 

Feather key, /. 15 
Feed pump, steam engines, iv. 
405 

water, water-tube boilers, 
iv. 236, 250 

Fellows gear shapers, i. 461 , 
iii. 208 

planetary, iii. 147 
spiral-gear, iii. 128 
Ferrite, i. 24 

Fettling department, t-he, i. 
123 

Fire point, oil, iv. 281, 314 


First angle projection, i. 9 
Firth “hardometer,” Hi. 302 
Fitters, shipbuilding. Hi. 175 # 
Fitting : 

-out of ships. Hi. 485 
practice (see below) 
shop, shipbuiWinI, Hi. 172 
Fitting practice, /. 151 

bearings, adjustrhent of, /. 
190 

bolt and study fitting, i. 187 
B.S.t. system, /. 195 
close fits tolerances, i. 194, 
i98 

cotters, fitting, /. 184 
hydraulic forcing, /. 200 
keys and keyways, i. 180 
lining out, /. 170, 174 
making cIof^ fits, i. 198 
measurement of angles, /. 
172 

Newall system, the, i. 194 
pulling wheels on shafts, i. 
198 

’ riveting, i. 177 

stud fitting and removal, i. 
189 

tappihg and ; earning, /. 163, 
164, 187 

Fixtures, welding, auUjmo- 
biles, H. 144 

Flame brazing of aluminium, 
ii. 108 

brazing procedure, ii. 1 1 1 
butt joints, H. 1 1 1 
equipment, //. 110 
filler rods, ii. 1 10 
flux removal, H. 1 1 1 
joints for, H. 109 
preparation’ of parts, i. 108 
Flanged joints, steam waives, 
/V. 425 

Flash point, oil, o . 281 
Flat-belt drives, iv. 464 
Floatlhg fixtures, iii. 69 
Flush finish in riveting, ii. 
, *358 

Forced-draught stokers, iv. 
215 

Forcing presses, ii. 202 
Forging and forging hammers ; 
and smithing of steel, i. 511 
“clear space” pneumatic 
hammer, i. 517 
cut-oflf forgings, /. 527 
drop, i. 524 

electrically driven ham- 
mers, /. 517 

forgings, light-alloy, /. 524 
foundations for hammers, i. 
519 

from the bar, i. 526 


-IV 523 

Forging and forging hammers 
— Contd. * 

hammer anvil bloqjc, iv. 454 
palletts, i. 518; iv. 454 
piston rods, iv. 454 
hydraulic,presscs, i. 521 , 524 
Lamberton Eumuco 750- ton 
(Data Sheet No. 23) 
manipulators, i. 522, 523 
plant maintenance, i. 523 
presses, ii. 210 
removing tup from rod, iv. 
456 

spring and helve hammers, 
i. 518 

steam hammers, i. 515 et 
seq . ; iv. 456 
valve gear, i. 516 
Forgings, purchase of, iii. 277 
Form roller, milling, i. 334 
Foster reducing valve, iv. 257 
Foundations : 
for engines, iv. .34 
mathine tool, iv. 446 
* motor installation, iv. 110 
Foundries (sep also Foundry 
practice) : 

complete installations, i. 125 
conveyors for, i. 114 
core shop, i. 120 
fettling department, i. 123 
jobbing work, i. 127 
mechanisation in, i. 112 
Foundry practice, i. 87 (see 
also Foundries above) 
backing sand, /. 93 
bottom-pouring ladles, i. 
103 

casting design, i. 87 
core and mould making, i. 
128 

core materials, i. 94 
core sand, i. 117 
drying stoves, i. 120 
“flat back” work, i. 102 
gating procedure, i. 102 
high-speed casting, i. 129 
“jar-ram” machines, i. 100 
machines for core produc- 
tion, i. 95 

metal melting, i. 122 
mould-in cores, i. 102 
moulding technique, /. 97, 
126 

moulds and cores, i. 117 
non-ferrous foundry prac- 
tice, i. 105 

“pattern-draw” machine, i. 
98 

pouring speed, i. 104 
Randupson process, i. 93 
risers or feeder heads, i. 104 
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Foundry practice — Contd. 
sand practice; /. 89, 115, 132 
Sheffiei,d composition, i. 93 
“squeeze” machines, /. 99 
“stack moulding,” /. 102 
Frame-type presses, //. 199 
Fraser boilers, iv. 195 
Freezing liquids, i. 19 
Freezing curves, metals, /. 23 
Friction drop hammers, i\\ 
457 

Froude dynamometer, iv. 85 
Fuel: 

boiler firing, iv. 187 
gases, oxygen cutting, //. 127 
liquid, IV. 280, 307 
-oil tank, installation, iv. 48 
pumps, drum type, iv. 175 
{see also Pumps and 
pumping) 

requirements, stress-reliev- 
ing furnaces, li. 31 
solid, testing, iv. 343 {see 
also below) « 

water-tube boilers, iv. 233* 
Fuels, solid, testing, iv. 343 
calorific values of iv. 345 
calorimeter, iv. 434 
excess air m, iv. 348 
gas testing of, iv. 345 
Orsat apparatus for, iv. 346, 
349 

Ronald Wild calorimeter 
for, iv. 344, 348 
Furnace brazing, ii. 1 1 5 
assembly of components, ii. 
115 

clearances, ii. 1 16 
furnaces, ii. 118 
joints, properties of, ii. 1 20 
Furnaces : 

and burners, iv. 336 
brazing, ii. 1 1 8 
tipped tools, i. 471 
Calumet burner, iv. 339 
dispersive burner, iv. 337 
Lodi burner, the, iv. 339 
pulverised-fuel firing, iv. 

336 et seq. 
sintering, ii. 420 
stress relieving, ii. 30 
temperature measurement 
of, iv. 7 

■ waste gases from, iv. 202 
IVoodesott burner, iv. 338 
Fuselage, aircraft, Hi. 214 
envelope jigging, Hi. 216 
pressure testing. Hi. 218 
stretch forming, Hi. 217 

Gamma iron, /. 12 
Gap lathe, /. 228 


Gas: 

degreasing plant, ii. 256 
I for presses, ii. 242 
Gas engines and dual-futl 
engirAjs, iv. 88 
adjusting mixture strength, 
iv.9t * 

construction of gas engines, 
iv. 93 

Crossley Premier, iv. 89 
fuel-oil consumptionj iv. 94 
pumps and sprayers, iv. 
95 

“gas-blast” injection^ iv. 
96 

gas-injection engines, iv. 95 
governing systems, iv. 91 , 94 
ignition, iv. 93 
lubricating-oV consump- 
tion, iv. 91 

National vertical, iv. 89 
Nordberg radial engines, 
iv. 96 

normally^, aspirated duel- 
fuel, iv. 93 

performance comparisons, 
iv. 97 

spark-ignition engihes, iv. 
91 

themiostatic control of, /v. 
15 

Gas producers, iv. 99 
anthracite fuel, iv. 99, 103 
open-hearth type, iv. 101 
operation, iv. 102 
scrubber, iv. 100, 102 
suction type, iv. 100 
Gas-testing apparatus, iv. 346 
Gas turbine, the (Wall Chart 
No. 10) • 

Gas-turbine aero engines, Hi. 
239 . 

assembling. Hi. 254 
I castings for. Hi. ^41 

combustion chambers *of. Hi. 
249 

de Havilland Ghost, Hi. 203 
Derwent V, Hi. 239, 250, 256 
dynamic balancing, Hi. 253 
testing. Hi. 260 
exhaust unit and jet pipe of. 
Hi. 249 

fabricated parts for. Hi. 249 
“fir-tree” root form, tur- 
bine, 1/7. 207 

Griffon engine, the, Hi. 234 
impeller, ^e, Hi. 204, 243 
inspection procedure, Hi. 25 1 
machining of. Hi. 243 
main bearings for. Hi. 254 
metal blades of turbine. Hi. 
209, 210 


Gas-turbihe aero engines — 
Contd. • 

nozzle-box, guide vanes on, 
Hi. 241, 255 

oils and fuel tests for, Hi. 259 
oil tank on, Hi. 251 
profiling and contouring of. 
Hi. 210 

rust prevention of, Hi, ^263 
subassemblies of, Hi. 258 
turbine blades for, Hi. 207, 
246, 255 

turbine wheel for, Hi. 255 
vanes, impeller, iii. 205 
Gate-end loaders, mining, iv. 
507 

Gauge blocks, lapping of, /. 
438 • 

tube, the, iii. 125 
Gauges : 

air-operated, iii. 51, 59 
Bourdon, iv. 1,13 
comparator units, iii. 54 
diaphragm, iv. 1 
extensometer, the, iu. 55 
faults in air-operated, in. 60 
feed-gauges, iii. 59 
for car chassis accuracy, ii. 
172 

gauging heads, iii. 54 
inspection, Hi. 131 
internal comparator, in. 56 
Johanssen-type slip. Hi. 1 14, 
115 

lapping operations, i. 433 
maintenance of, in. 52 
Pacitor, electronic, iv. 25 
self-locating C-type, in. 58 
Solex air, iii. 141 
spring-loaded, iv. 45 
steam plant, iv. 401 
surface finishing, in. 1 32 
tank gauges, electronic, iv. 
27 

universal comparator, jii. 57 
Gear(s) : , , ’ 

and chain drives, iv. 117 
bevel, crankshaft, iii. 233 
carrier, iii. 153 
case coy<^r, safety interlock, 
iv. 451 

casing, Hi. 127 
cutting, i. 336; iii. 145 
fluid injection, iii. 150 
lapping, /. 439 
plastic, ii. 486 
pumps, iv. 176 
spiral, iii. 94 

teeth calculation, rules for, 
/.•361 

wheel, drilling holes in, i. 
303 
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Gearboxes, cars, Hi. 1^6 
vert-ical-type, diesel engine, 
/V. 64 

Gearing for various leads, /. 
350 

Gib and cotter ends, tv. 427 
Gib-headed key, i. 15 
Glands and packings, turbine, 
/V.441 

steam engines, iv. 421 et 
aeq. 

Gleason Reva cycle. Hi. 1 52 
Governing systems, gas en- 
gines, iv. 91 

Government Radio-chemical 
Centre, iv. 33 

Governors, steam engines, iv. 

*8 

steam turbines, iv. 437, 443 
Graduating in indexing, /. 347 
Grapho-analytical method 
(pipe thickness), iv. 389 
Gravity die casting, i. 134 
collapsible cores, i. 139 
die-casting alloys, i. 135 
inserts, i. 140 
slush casting, i 140 
wire strainer and flie blocks, 
i. 134 

Grease, removal of, ii. 252 
Green strength modifiers, //. 
489 

Griffin-Sutton calorimeter, iv. 
319 

Grinding, and grinding mach- 
ines, i. 218, 388, 390, 394 
abrasive, control-wheel for, 
/. 414 

allowances, Table of, i. 403 
bench and portable, /. 213 
centreless grinding, i. 40^ 
Churchill machines, Hi. 194, 
389, 390, 401 
Model HDA (Data Sheet 
i<io. 17) 

control-wheel spepds, i. 408 
cylinder type, i. 390 
cylindrical, i. 393 
ejection, in-feeding mach- 
ines, /. 41 1 •». 

equipment of, i. 219; Hi. 92 
face grinding, i. 391 
feeding the work, /. 404 
fine grinding, steel, i. 415 
fixed-head, /. 410 
grinder-wheel faces, Hi. 129 
honing, /. 415 
horizontal type, /. 388 
in-feed, cylindrical work, i. 
414 

installation and mainten- 
ance, iv. 446 et seq. 


G rind ing — Contd. 
internal grinding, i. 395, 397 
laminated material, H. 499 
l&pping, /. 427-445 
magnetic chucks, /.389, 392 
materials for grinding 
wheels, /. 448^ 
on the lathe, i. 256,-60 
plano-grinder, /. 392 
precision. Hi. 195 
rotar}fc-table grinder, i. 392, 
393 

Rowland, /. 391 
splinfe-shaft type, i. 399 
standard wheel shapes, i. 
447 

surface grinding, /. 388 
taper truing. Scrivener, /. 
410 

thread grinding, /. 401 
tool-room, i. 450 et seq. 
twist drills, /. 280 
Universal type, i. 398 
, wheels for malea-ials and 
components (Data 
Sheets Nos. 2, 3 and 4) 
sizes^ i. 449 
wheel truing, <. 409 
work rests, /. 410 
Grub-screw key, /. 15 
Guards and safety devices, H. 
217 

Airtnp units, ii. 225 
automatic guards, ii. 226 
fixed guards, ii. 217 
guillotines and machine 
tools, ii. 229 
interlock guards, ii. 2^3 
Legal requirejnents, ii. 217 
Millo ejector, ii. 228 
plastic guards, H. 235 * 
push-button control, H. Ill 
Warn life system, 228 

Guide-vane pump, the, iv. 152 
Guillotines, guards for, H. 229 
Gwynne pressure pump, iv. 
452, 153 

Haigh test, str6sses, Hi. 306 
Hammer mills, iv. 326 et seq. 
Hammers, pneumatic, i. 515, 
517 

steam, i. 515 
Hand lapping, i. 435 
Hardening fixtures. Hi. 106 
of metals, /. 23 

Hardness tests, materials. Hi. 

300 {see also Brinnell) 
Harvey heavy-duty lathe, i. 
230 

Heading and extrusion dies, i7. 
435 


Heald Sizemati^ machine. Hi. 
143 

Heat : « 

losses in solid fuels, iv. 347 
resisting steels, ii. 452 
sensible and latent, iv. 213 
transmission, calorifiers, iv. 
Ill 

Heaters, oil-fuel, iv. 287 
Heating for engine-rooms, iv. 
35 

Heat-treatment ; 
automobile parts. Hi. 115 
cooling oil, locomotive 
works. Hi. 192 
dielectric, iv. 23 
for steels, ii. 450 et seq. 
high-frequency (metals), iv. 
21 

metals, effects of. Hi. 309 
of forgings, i. 533 
presswork, ii. 190 
stress relieving, ii. 30 
H§le-SAaw Beacham rotary 
pump, iv. Ill 

Helical gearing, Rolls-Royce, 
Hi. 126 

Helve hammers, /. 530 
Herbert pendulum, the. Hi. 314 
No. 8 Preoptive combina- 
tion turret lathe (Data 
Sheet No. 13) 

Hex-Press oil burner, iv. 
305 

High-frequency : 
brazing, tools, i. 471 
heating (metals), iv. 21 
heating applications. Hi. 100 
High-pressure lubrication, iv. 
443 

Hobbing : 
fixtures, Hi. 79 
machine. Hi. 142 
Hobs, grin ding operation,/. 461 
Holes, lapping methods, i. 438 
Home Office Regulations : 
electric welding, H. 5 , 

guards and safety devices, H. 
2, 17 

Homo-carb fluid, gears, Hi. 
150 

Honing, and honing machines, 
i. 415, 419 

A-B hone and drivehead, /. 
423 

allowances, /. 421 
and gauging cylinder bores, 
Hi. 124 

bore diameter, i. 425 
cylinder reconditioning, /. 
420 

coolant, i. 419 
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Honing — Con^d. 
diamond hand hone, /. 421 
honet, i. 417, 420, 421, 423* 
lapping and superfinishing, 
i. 422 

line hone, /. 4£0 
outer surfeces, /. 419 
power requirements, i. 425 
pressure in, /. 418 
speed, z. 418 

Hopkinson’s Springm valve, 
IV. 255 

Horizontal drill ir^g machines, 
i. 294 

presses, //. 200 
steam plants, /v. 393 

Horse-power, leather belting, 
iv. 114 

rating tables, V-belt drives, 
iv. All 

Hydraulic clamps, ///. 66 
presses, ii. 191 ; for forging, 
/. 520, 523 

ram, the, iv. 182 * ^ 

Hydro-electric plant, turbine 
casing, iii. 264 

Hydrogen-ion treatment for 
water zv. 358 

Hydrometers, iv. 308 


Ice-making plant, zv, 485, 495 I 
Impeller, overall clearance for, 
iii. 229 

Impellers and diffuser rings 
for pumps, zv. 153 
Imperial Standard Wire 
Gauge, ii. 362 

Inches to millimetres (Wall 
Chart No. 1) 

Index centres, use of, i. 336 
Indexing, z. 344 
fixture, capstan lathe, iii. 86 
fixtures, iii. 76 
heads, i. 340 

Indicator diagrams, stcam- 
, engine, iv. 431 
Indicators, steam-engine, iv. 
429 

Industries, classification, iii. 19 
Injectors, steam, zv. 263 et seq. 
Inserts, brass, ii. 507 
Inspection Department (Fac- 
tories), iii. 1 

Inspectioh of drop forgings, i. 
534 

procedure, aero engines, iii. 
223 

steam turbines, zv. 444 
systems. Hi. 324 
quality control by statis- 
tics, iii. 328 


Inspection of drop forgings, 
systems — Contd. 
sampling technique, iii. 

327 “ 

standard deviation. Hi. 

Inslalla^oif and maintenance : 
drop and forge hammers, zv. 
453 

machine tools, zv. 446 
of electric motors, /v. 104 
of high-pressure steam 
pipes, zv. 384 
of instruments, zv. 1 C 
reducing valves (steam), zv. 
258 

Installations, new, iii. 25 
j Instruments : 

Bourdon gauge, the, zv. 113 
calorimeters, zv. 343 et seq. 
diaphragm gauges, zv. 1 
dynamometers, zv. 85 et seq. 
electronic, zv. 25 
electron microscope, iv. 3^ 
for testing oils, zv. 307 
gauges, electronic, zv. 25 
Hughes supersonic tester, iv. 
29 

indicators, dicscl-type en- 
* gine tests, zv. 71 
installation and mainten- 
ance, zv. 18 

liquid level measurement, 
zv. 12 

meter, proximity, zv. 24 
meters, zv. 10 et seq. 
pitot tubes, zv. 12 
plqnimeter, the, zv. 76 
pneumatic controllers, zv. 1 6 
potentiometer controller, zv. 
^8 

pressuKStats, zv. 16 
pyrometers, zv. 6 et seq. 
Ruston injection tester, zv. 
69 

stroboscope, the, zv. 9^ 
tachometers, zv. 9 • 

temperature, zv. 4 
thermometerli, zv. 5 
thermostats, zv. 14 
Insulating varnishes, ii. 492 
Interferometer, Hi. 42 
Inverted multi-drilling fixture, 
iii. 91 

Involute form, checking for. 
Hi. 48 

gear-tooth analyser, Hi. 129 
Iron: 

black sheet, H. 362 
pipe bending, H. 377 
sp^s and cutting rakes, i. 
486 


Izod figl|res, manganese, z. 26 
tests, z. 30 • 

impact testing machine, iii. 
303 

Jet engines, iii. 239 
Jigs and fixtures, iii. 61 
air-clamping fixture, iii. 78 • 
air-ejection fixture, di. 79 
assembly fixtures, iii. 98 
boring, carbide-tipped tools, 

/. 479 

fixtures, iii. 85 
broaching fixtures, iii. 89 
bushings. Hi. 10 
castings and forgings, iii. 62 
centralising methods, iii. 64 
Churchill-CIeveland *Rigid- 
hobber, iii. 81 
clamping, iii. 66 
drilling, /. 69, 110, 302; iii. 
121 

precision boring, /. 445 
envelope system, lii. 216 
equalising devices, iii. 65 
fixtures for chucking auto- 
matics, hi. 87 
floatingffixtures, zzz. 69 
grinding, iii. 89, 91 et seq. 
hardening fixtures, zzz. 106 
bobbing fixtures, iii. 79 
hydraulic and air-operated 
clamps, zzz. 66 
indexing fixtures, iii. 15. 86, 
100 

inverted multi-drilling fix- 
ture, iii. 97 

large erecting fixtures, zzz. 
105 

magnetic chucking, Hi. 92 
milling, zzz. 73 
Mult-au-matic machine, iii. 
91 

multi-direction drilling. Hi. 
70 ^ 

-rivetjng fixtures, zzz. 103 
-screw driving, zzz. 103 
-tool turning, zzz. 83 
needle rollers, assembling, 
Hi. ,104 

pilot fixtures, iii. 83 * 
Purefoy components. Hi. 106 
rotary powef feed, Hi. 79 
rotary welding, Hi. 101 
soldering fixtures, iii. 100 
spiral bevel gears, locating, 
zzz. 94 

swarf disposal, iii. 75 * 

tapping fixtures, zzz. 69, 73, 

' 96 , no 

transmission case fixture, Hi. 
88 
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Jigs and fixtures—^ ow/d. 1 

turning and boring fixtures, 
Hi. 82 

vacuum chucking, Hi. 92 | 

work supports, Hi. 63, 64 
“jobber’s length” type drills, 
L 278 

Joh^ssen-type slip gauges, Hi. 
114, 115 

Johnson coupling, steel pipes, 
iv. 366 

Joiners’ shop, shipbuilding, 
Hi. 173, 176 
Joint(s): 

box-corner, ii. 356 
endless, flat-belt drives, iv. 
. 458 


Lapping and lapping machines 1 
—Contd. , \ 

centreless lapping, i. 431 * 1 
• charging the lap^/. 430 ' 

crankshafts, i. 440 
cutting tool Cjjjgei, i. 445 
j cylindrical work, i. 437 
dies and moulds^ i. 433 
flat surfaces, /. 435 
gauge blocks, /. 437 
holding the work, i. 432 
holes, i. 438 

horizontal spindle type, i. 
’432 

lead wheel, /. 440 
multi-head attachment, /, 
443 


Lathes and laAhework— Confd. 

, negative rake, 1.^35 
screw cutting, i. 228, 239 
1 Scrivener, Hi. 223 

sliding, surfacing,- and screw 
cutting, i. 226 
speed of working, i. 236 
square centre, the, i. 238 
taper turning, /. 246 
tools, i. 231, 234 
turning practice, i. 261-72 
valve-rod gland casting, i. 
264-67 

vernier and micrometer 
callipers, i. 256 

. Launching ships. Hi. 182, 183 
Layout board technique. Hi. 


grooved, ii. 355 
knocked-up, ii. 356 
riveted, H. 356 
soldered, H. 359 
steam hammers, iv. 456 
valves, IV. 425 

steel pipes, iv. 364 , 

strip-seam, ii. 355 
sweated, //. 360 
Jointing, plastics. //. 505 
Junior Cox water heater, iv. 
278 


Keller profiling machine, ///. 
135, 138 

Kennedy pulveriser, the, iv. 
329 

system ol bending, //. 393 
Key diagrams, /. 1 5 
Kirk’Site alloy, Hi. 1 35 

Lamberton/Eumuco forging 
machine (Data Sheet No. 
23) 

plate-bending press (Data 
Sheet No. 24) 

Lamb’s roller extensometer, 
ill. 21^ • 

Laminated boards for aero- 
engine propellers. Hi. 208 
for packaging. Hi. 398 
materials, ii. 49Ff 496 
Lamps, stroboscope, iv. 10 
Lancashire boilers, iv. 209 
Landis cam grinder. Hi. 142 
profile grinder, Hi. 119 
Lang 17-in. swing toolroom 
lathe (Data Shwt No. 12) 
Lapping and lapping tj}ach- 
ines, i. 427 et seq . ; Hi. 120 
abrasive materials, iL 428 
avoiding distortion, /. 436 
bearings, i. 437 
B.S.A. machine, i. 428 


plug gauges, i. 433 
ring gauge?, i. 435 
sandpaper machines, i. 432 
speed of lap, i. 432 
steel specimens, /. 439 
Sunnen machine, /. 436 
the lap, i. 427 • 
thread gauges, . . 436 
vertical spindle, i. 431 
withjiomng machines, i. 422 
Lathes and lathCwork, i. 225 
bearings, checking of, iv. 25 
boring, /. 253 * 

British and Metric threads, 
/. 245 

Bullard Man-au-Trol, Hi. 
148 

centre lathes, /. 229 
centring, /. 237 
change wheels for screw 
cutting, 1 . 240 
chuck equipment, /. 246-51 
clearance, boring tools, i. 
234 

countershaft-ty^c grinder, i. 
257 

I cuiting«ngles, i. 232 
I Denham Super speed., /. 230 
I feceplute work, i. 252 
gap lathe, i. 228 
grinding, i. 256-60 
Harvey heavy-duty, i. 230 
Herbert No. 8 preoptive 
combination turret (Data 
Sheet No. 13) 
holding the work, i. 236 
Lang 17-in. swing toolroom 
(Data Sheet No. 12) 
mandrel taper, i. 262 
measuring turned and bored 
work, i. 254 

Melling contour, Hi. 220 
motor-driven type, i. 228 
multiple threads, cutting 
rules, i. 244 


22 

models, factory. Hi. 26 
Lead, //. 438 
loading, H. 387 
wheel, lapping by, i. 440 
Leather belts, joints in, iv. 
. *459 

Lees Bradner equipment, Hi. 
48 

Levelling machine tools, iv. 
447 

Lifting tackle, engines, iv. 36 
Light waves, Hi. 41 
Lighting boiler fires, iv. 401 
Limits and fits, locomotive 
manufacture. Hi. 1 89 
Linear measurement. Hi. 41 
calibration. Hi. 44 
gauge blocks for. Hi. 42 
interferometer, the. Hi, 41 
secondary standards, Hi. 44 
Liquid fuels and liquid-fuel 
firing, iv. 280 
air directors, iv. 290 
Babcock & Wilcox air 
registers and burners, iv. 
294 

calorific value of, iv. 280, 
281, 320 

coke, formation, excessive, 
in boilers, iv. 293 
Hot and Hot or Cold type 
burners, iv. 298 
oil-firing systems, iv. 282 
oil-fuel burners, iv. 288 
Pensky-Martens apparatus, 
iv. 281, 313 

pump governor, iv. 306 
I Redwood viscometer, iv. 281 
specific gravity, iv. 281, 309 
steam or air atomising 
burners, iv. 302 
strainers, iv. 287 
Thomycroft fuel burner, iv. 
296 et seq. 
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Liquid fuels and liquid-fuel 
firing — Contd. 

Todd-tfpQ oil burners, iv. 
300 et seq. 

Wallsend-Howden systems, 
iv. 285 

White oil burners, iv. 299 
et stq. 

Locomotive manufacture, iii. 
186 

balancing, in. 382 
boilers, iv. 407 
boiler shop, in. 192 
Butler puncher slolters, iii. 
196, 197 

castings, cleaning methods, 
iii. 191 

Churchill grinding mach- 
ines, iii. 195 

horizontal piano-milling, iii. 
196 

Hunslet locomotive, iii. 201 
lathes, id. 197 

machine tools, iii. 195* « 

Manufacturers’ Associa- 
tion, iii. 188 
materials, in. 198 
negative rake milling, iii. 
190 

pin riveting, iii. 192 
smithy, mechanisation in, 
iii. 191 

standardisation, iii. 188 
steel castings, iii. 190 
trim fitting, id. 162 
“type boilers, iv. 41 1 
Wageor machine, iii. 192 
welding applications, id. 193 
workshop practice, id. 189 
“lost” wax process, id. 242 
Lodi burner, the, iv, 339 
Log sheets, steam turbine, iv. 
444 

Lubrication and lubricating 
oils: 

cylinders, steam engines, iv. 
414 

laminated materials, ii. 496 
mining machinery, iv. 499, 
508-11 

of drills, i. 280 
oils for cylinders, iv. 416 
gas engines, iv. 91 
machine tools, iv. 451 
tests, fv. 307 
viscosity of, iv. 440 
presswork, ii. 178 
steam turbines, iv. 440, 442 
Lubricators for cylinders, iv. 
414 

displacement type, iv. 415 
non-mechanical type, /v. 416 


MAAG grinders, iii. 129 
Machine-shop practice, id. 1 36 
Machine shops, cranes, m. 167 
Machine tools : * 

belts, IV. 451 

Churchill nlano-grinder, iv. 
448 

contour -lathes, iii. 220 
countershafts, iv. 450 
framings, iv. 446 
guards for, it. 229 
in shipbuilding, in. 194 
installation of, iv. 446 
layouts for, iii. 2 1 ' 

levelling and fixing, iv. 447 
maintenance after installa- 
tion, IV. 451 

motors for, installation of, 
iv. 446 * 

rules for indexing (Data 
Sheet No. 5) 

Scrivener lathe, in. 223 
setting, accuracy of, iv. 449 
turret latb^, iv. 449 
Wadkin router, in. 222 
Ward capstan lathe, id. 200 
Machined parts, /. 222, 
Machinery, pattern shop, i. 64 
Machining operations : 
aer6 engines, in. 220 
broaching, i. 499 
camshaft bearings, id. 1 24 
diesel engine cylinder block, 
/. 328 

dowel-pin holes, iii. 121 
face of 65-ton ingot, /. 339 
gas-turbines, iii. 243 
gauge tube, the, di. 125 
gearboxes, id., 126 
grinder-wheel faces, di. 1 29 
grin<5ing, final, iii. 120. 130 
honing the bores, iii. 124 
jig operation, iii. 121 
laminated materinJ, n\ 496 
lathes, i. 225, 247 
layout for locomotive exist- 
ing, /. 314 ♦ 

main boring bars, iii. 122 
metals, shops for, iii. 283 
nitriding process, iii. 1 20 
planing and shaping, /. 491 
special steels, ii. 455 
template attachments, iii. 
122 

valve tappets, iii. 125 
water-sluice valve body, /. 
311 

Magnetic chucks, i. 389 ; iii. 92 
Ma^etos, aero-engine, iii. 237 
Maintenance Installa- 

tion and maintenance) : 
department, factory, in. 17 


-IV 

Maintenance — Contd. 
diesel locomotives, iv. 67 
drop/orging equipment, i. 
534 

water-tube boilers, iv. 237 
Mandrels, /. 236 
Manganese, /. 25 ; ii. 438 
molybdenum, id. 198 
Manhole and mudhole aoor 
joists, IV. 398 

Manipulators for heavy forg- 
ings, i. 523 

“Manufacturing” millers, /. 
324 

Manufacturing processes, i. 
222 

Marine boilers, iv. 191 ^ 

Marking-off tools, in. 289 ' 
Martensite, i. 25 
Marten’s Test, id. 318 
Mass-production in foundries, 
i. 127 

Matcrial(s) : 
control, in. 9, 276 
Erichscn curves, id. 298 
grinding-whcels for (Data 
Sheets Nos. 2, 3, and 4) 
Marten's ffest, in. 318 
Purchase Department, in. 
279 

specification of, in. 276 
standardisation, in. 282 
stock accounting, in. 280 
synthetic, for aircraft, ///. 219 
testing, in. 284 
thickness of in oxygen cut- 
ting, it. 128 

Zeo-Karh, for water treat- 
ment, iv. 358 

Measuring instruments {see 
also Instruments) : 
meters {see p. 529) 
optical, id. 42 ' 
planimeter, the, iv. 76 et seq. 
Rockwell hardness, id, 45, 
225 r 

smoothness, id. 50 
Mechanical presses {see 
Presses) 

MeLeSco superheaters, iv. 247, 
248 

Merit and wage rating, iii. 347 
Barth premiurh scheme, iii. 
352 

Bedaux system, iii. 352 
Emmerson efficiency bonus, 
iii. 352 

Gannt system, iii. 352 
Halsey principles, in. 349 
prenftium bonus schemes, iii, 
349 

Rowan system, iii. 351 



INDEX TO VOLUMES 


Mei;jt and wag# rating— 
Contd. 

the 50-50 system, im 348 
Weir system, ih. 349 
Merlin aero engine, in. 234 
Merryweather pumps, iv. 179 , 
184 

MeHl, alteration by bending, 
//. 368 

fasteners for belts, i\\ 461 
Metal degreasing, n. 252 
liquor-vapour plant, //. 253 
plant, //. 254, 258 
Metal lographic tests, iii. 308 
Metallurgy, powder, ii. 416 
workshop, /. 19 
M©tal melting, /. 122 
patterns, /. 68 
spinning, ii. 403 
chucks, ii. 405, 408 
forming necks, attach- 
ments, u. 411 
hand tools, //. 414, 415 
lathes, n. 403, 414 
marking, li. 413 
offset method, //. 41 1 
operations-, 409 
trimming and beading, ii. 
411 

Metals : 

Alclad sheet, ii. 295 
aluminium, u. 105, 108, 204, 
437, 460 
brass, //'. 105 

brass and nickel silver, ii. 
295 

cast iron, ii. 97, 121 
chromium, ii. 438 
cobalt, u. 438 
copper, welding, ii. 91, 105 
copper and its alloys, n. 471 
copper sh^et, ii. 363 
duralumin, ii. 295 
foils for packaging, iii. 399 
gaivanised iron, ii. 105 
heat-treStmentf 21 et seq. 

effects of, iii. 309 
in shipbuilding, ni. 198 
iron, ii. 460 
lead, ii. 438 *• 

lead percentage in copix'r 
alloys, i. 92 
manganese, ii. 438 
mild steel (tensile tests), 'n. 

290; ii. 124 
molybdenum, ii. 438 
Muntz metal, ii. 478 
nickel, i. 26 ; ii. 439 
nitriding steels, li. 445 
sheet metals, ii. 292 
Sifbronzc, i. 95 et seq. 
silicon, ii. 439, 460 


Metals — Contd. 
silicon in bronze welding. 

' ii. 91 

special steels, ii. ^1 et seq. 
Spring steels, ii. 447 
stainless steel* ik 104 
soldering, ii. 1 1 3 
temperature measurement 
of, iv. 4, 6 
teme plate, ii. 294 
titaftium, ii. 439 
vanadium, ii. 439 
wy-es, metals for, /. 535 
X-ray examination of, iv. 33 
zinc, ii. 296 
Meters : 

proximity, iv. 24 
volume and flow, iv. 10 
Micrometer *dial gauge, iv. 
45 

Micro-photographs, iii. 313 
Microscopic tests, metals, iii. 
311 

Milling machines' types of, i. 

323 (see uiso Milling 
practice) 

Cincinnati Duplex, iii. 139 
cutters, sharpening, /. 459 
“manufacturing" millers, i. 

324 

Parkinson No. 2NU Uni- 
versal (Data Sheet No. 
16) 

plain and universal millers, 
/. 324 

piano-millers, i. 326, 328 
stationary millers, i. 330 
travelling-column millers, i. 
330 

vertical machines, /.,329 
Millipg practice, i. 319 55 
cemented catbide-tipped 
cutters, i. 337 
coatiniJbus, in. 74 
cutters, / 319, 327 
cutting very short leads, i. 

• 352 

driving \\prm, disengaging 
the, i. 343 
fixtures, iii. 73 
gang milling on vertical 
machine, i. 329 
with high-power milling 
cutter, i. 330 

gas-turbine engines, iii. 243 
gear cutting with attach- 
ment, /. 336 

gearing for various leads, /. 
350 

graduated index sector, i. 
342 

graduating, /. 347 ! 
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Milling practice — Contd. 
high-power grooving and 
slotting mill, /.fJ20 
holding cutters, i. 321 
index centres, /. 336 
crank,* adjusting, /. 342 
plates and change gears, 
/. 341 

indexing, /. 344 
laminated material, ii. 497 
machine cutters, i. 319, 327 
negative rake, iii. 190 
rules for indexing (Data 
Sheet No. 5) 

setting out cam design, i. 354 
spiral milling, i. 319, 348 
tables, circular, i. 323 
universal spiral indexing 
head, i. 340 

work holding, methods of, i. 
332 

Millo ejector, guard, ii. 228 

Mineral-oil fuel, iv. 187 

^Mining machinery, iv. 496 
chain conveyors, iv. 503 
coal-cutters, iv. 496 
compressors, iv. 507 
face conveyors, iv. 501 
gate and trunk belt con- 
veyors, iv. 504 
grading the belt, iv. 501 
haulage gear, iv. 500 
lubrication, iv. 499 
charts, iv. 508-11 
pick chains, iv. 498 
switcl gear, coal-cutter, iv. 
499 

the driving unit, iv. 502 
the jib, iv. 497 

M.l.P. and I.H.P. measure- 
ment, IV. 76 

B.H.P., measurement of, iv. 
82, 84 

i cathode-ray indicator, iv. 81 
Dobbie-Mclnnes-Amsler 
planimeter, iv. 79 
Farnboro indicator, the, 
iv. 80 

planimeter, the, iv. 76 et seq. 

Mitia carbide-tipped tool, i. 
465 

Molybdenum, i. 26; ii. 438 

Monel impellers and diffuser 
rings, iv. 154 

Motor(s) : 

-car production (see p. 530) 
electric, installation, iv. 104 
generators, welding, ii. 25 
installation for machine 
tools, iv. 450 
speed control, iv. 23 
windings, i. 222 
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Motor-car production. Hi. 112 
machining operations, Hi. 
118 ^ 

Standards Room, the, Hi. 
114 

Moulding material^, ii. 490 
powders, ii. 488 
presses, ii. 197 

Mould loft shop, shipbuilding, 
iii. 169 

Moulds and cores, i. 117 
Mult-au-Matic fixture, iii. 88, 
89 

Multi-direction drilling. Hi. 70 
riveting fixtures. Hi. 103 
screw driving, Hi. 103 
-stage pumps, iv. 160 
-tapping fixture. Hi. 73 
-tool turning, iii. 83 
Multiple sensitive drilling ma- 
chines, i. 288 

-spindle drilling machines, 

i. 294 , 

• 

National vertical dual-fuel 
engine, iv. 89 

Needle rollers, assembly, iii. 
104 

Negative-rake milling. Hi. 75, 
190 

Nelson welding gun, ii. 488; 
Hi. 175 

Newall Limits and Tolerances 
(Wall Chart No. 2) 
Nickel, /. 26; ii. 439 
-chrome molybdenum steel, 
iii. 198 

-chromium, i. 26 
-steel boiler plates, Hi. 199 
Nitriding, /. 28; Hi. 120 
Non-ferrous foundry practice, 

i. 105 

fettling, i. 105 
hydro-blast system, i. 106 
materials, i. 486 
“tumbling” process, i. 107 
Nordberg radial engine, iv. 96 
Normalising, i. 27 
Normally aspirated dual-fuel 
engine, iv. 93 

Nozzle-box guide vanes, Hi. 
242 

•Numbering systems, iii. 319 

Oil {see also Lubrication and 
lubricating oil) : 
and fuel tests, aero engines, 
iii. 259 

petrol engines {see be- 
low) 

de-oiling, water treatment, 
IV. 361 


Oil — Contd. 

^ -firing systems, iv. 282 
-fuel installations, iv. 283 , 
separate^;, use of, iv. 421 
-tanker construction, ii. 1*38 
temperature, water-tube 

boilers, iv. 243 

Oil and petrol engines, instal- 
lation of, /V. 34 
antivibration engine bed, 
/V. 35 ♦ 

compressed-air starting, iv. 

56 

erection of engines, iv. 39 
exhaust systems, iv. 37, 38 
laying the foundations for, 
iv. 36 

lighting sets, petrol-engine, 
iv. 57 

pipework and tank, iv. 47 
placing flywheel on shaft, iv. 
43 

solid-injection diesel, iv. 53 
starting the engine, iv. 50, 
53 

Operation and maintenance : 
of mining machinery^ iv. 496 
of steam eftgines, iv. 393 
of turbines, iv. 435 (.see also 
Steam turbines) 
of water-tube boilers, iv. 232 

Optical measuring instru- 
ments, Hi. 42 
projector, the. Hi. 47 

Orsat gas-testing apparatus, iv. 
346, 349 

Orthographic projection, /. 9 

Oxy-acetylene welding, ii. 56 
acetylene cylinders, //. 65 
back^pressure valves, ii. 59 
blowpipes, //. 62 et seq. 
brasses afid bronzes, ii. 89 
butt welding, blowpipe data 
for, ii. 67 *• « 

cast iron, ii. 75 
cojbper, //. 81 r 

downhand butt welding, !i. 
66 , 
eye protection, ii. 72 
ferrous and non-ferrous 
metals, ii. 73 
fillet welding, ii. 69 
gases, ii. 63 

high-pressure system, ii. 61 
low-pressure system, ii. 57 
magnesium, ii. 88 
oxygen cylinders, ii. 65 
regulators, ii. 61 
sheet aluminium, ii. 84 
sight-feed generator, ii. 57 
stainless steels, ii. 73 
vertical welding, ii. 70 et seq. 


-IV 

Oxygen cutfJng, ii. 121 
articulated-arm machines, 

ii. )25 

cast iron, ii. 121 
costs, operational,.//. 128 
drive, types of, ii. 123 
“electric eye” for guiding, 

ii. 125 g, 

equipment, hand, ii. 122 
fuel gases, ii. 1 27 
machines, ii. 122, 129 
material, thickness of, //. 
128 

multi-burner machines, u. 

125 

profiling stainless steel, ii. 

126 •, 
speeds, mild steel, ii. 124 
universal profiler, ii. 123 


Pacitor tank gauge, iv. 27 
Packing engineering products. 
///. 389 

aluminium containers, Hi. 

395 

“brcathmff” containers, iii. 

396 

“cocoon” process, iii. 398 
crates. Hi. 406 
cushioning, Hi. 403 
Customs markings, Hi. 390 
desiccants, iH. 395 
flexible barrier materials, 

iii. 398 

goods handling abroad, iii. 
390 

hermetically scaled contain- 
ers, Hi. 394 

Institutions and Labora- 
tories, iii. 412 

nailing and bolting. Hi. 407, 

408 

plastic films, iii. 399 
Pliofilm, iii. 400 • 

silica gel, *7. 393 * 

Sisalation lining. Hi. 397 
vapour phase inhibitors, Hi. 
396 

wooden*^ontainers, iii. ,405, 

409 

Packings for. hydraulic 
presses, //. 192 
steam engines, iv. 421 et 
seq. 

Paint finishing, automobiles, 

iii. 160 

Palletts, in forging work, /. 
519, 522 

Parkinson No. 2NU Universal 
Miller (Data Sheet No. 
16) 
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Pattenj-making, metal, /. 68 
aluminium patterns, pres- 
sure-cast, /. 85 • 

basic lines, i. 73 
bosses, i. % 
checking, 73 
cope and drag, i. 84 
coreioxes, i. 77 
equipment, /. 81 
filling up sinkages, /. 82 
forming {see Shcct-metal 
work) 

high-production patterns, L 
83 

iron patterns, i. 71 
lining out, u 68, 73 
mahi cores, dispensing with, 
/. 75 

master wood patterns, /. 70 
matchplate, /. 84 
metal coreboxcs, /. 79 
moulding-in loose cores, i. 
76 

plates, differences in, i. 84 
raising mould for “let-in” 
patterns, i. 81 
selecting the met^l, /. 68 
shell patterns, /. 74 
split or jointed patterns, /. 
74 

tie-bars, /. 73 

transplanting for complete 
plates, i. 79 

Pattern-making, wood, i. 31 
bedplate patterns, /. 56 
cement sand, moulding in, /. 
67 

chaplets, i. 55 
circular patterns, i. 36 
colouring patterns, i. 66 
contraction allowances, i. 

31 

coreprints and coreboxes, /. 

41 e/ seq. 
dowtls, i.49 

drawings * and »nvachining 
allowances, /. 31 
“elbow” bend, /. 47 
gates of patterns, L 62 
gouge paring, /. 3?" 
half-round hole test, /. 49 
heads or risers, i. 62 
joints, /. 49, 61 
lagging-up, i. 40 
leather fillet, /. 65 
machinery, pattern shop, /. 
51, 64 

marking-out and cutting, /. 
50 

marking wood, /. 67 
paper jointing, glued joints, 
/. 52 


Pattern - making, wood — 
Contd. 

natfern-milling machine, /. 

37 / 

planing, i. 34 
plate moulding, i. 6*0 
preserving processes, i. 66 
ribs, fixing, /. 58 
rubbing sticks, i. 66 
scribing block, /. 55 
segments, building up by, L 
35 et seq. 

“shqft grain,” /. 36 
shrinkage, timber, i. 59 
strickle boards, /. 62 
taper, /. 34 
templates, i. 55 
timber selection, /. 34 
tools, /. 32 

turning small bosses, /. 32 
webs and beads, /. 59 
wheels and spokes, /. 36 
Paxman Vltranonuc boilers, 

* iv. \91 et seq. * 

PearlitCy sorbitic, i. ^5 
Pemberthy steam ejector, iv. 
268,270 

and White's injectors, iv. 
267 

Pendulums, impact tests,* lii. 
304 

Pensky-Martens apparatus, iv. 
281, 313 

Perforating (presswork),//. 175 
Performance, gas and dual- 
fuel engines, iv. 97 
Permutit water - softening 
plant, iv. 352 et seq. 

Petrol engines:* 
cooling equipment, /v./9 
crankcase, boring. /. 308 
installation, iv. 3^- i 

lighting set, installation of, 
ivaSI • 

the initial start, iv. 60 
Phenolics, a. 490 
Phdtocells, iv. 29 
Photo-electric, control, for 
drilling machines, /. 300 
Pilot fixtures for boring, iii. 83 
valves, boilers, iv. 405 
Pipes (see also Steam pipes) 
bends, ii. 305 
elbows for, ii. 299 
flow meters for, iv. 12 
high-pressure, installation 
of, /V. 384 
pipework, iv. 47 
pumps and pumping, iv. 1 22 
steel, iv. 363 (see also Steel 
pipes) 

swaging, ii. 353 i 
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Piston-ring typfc packing, ii. 

I# 

-rods, forging-hammer, iv. 
458 

Pistons and rings, ' steam 
engines, *iv. 427 
Pitch and resin loading, ii. 386 
Pitot tubes, ^v. 12. . 

Plain and universal millers, /. 
324 

Planers, B/SD planing machine 
(Data Sheet No. 20) 
Planetary method of grinding, 
iii. 195 

Planimeter, the, iv. 76 
Planing : 

and shaping, i. 491 
plastics, ii. 500 
attachments, i. 497 
cutting operations, i. 496 
fixtures, /. 493 
holding the work, /. 491 
keyvjays, cutting, i. 497 
Tnachine setting, z. 496 
machining square holes, /. 
497 

packing up, z. 492 
Planers, B/SD spiral drive 
(Data Sheet No. 20) 
planing methods, z. 493 
shapmg practice, z. 494 
surface tension, z. 492 
tools, z. 493 
Piano-millers, z. 326 
Plastic(s) : 

amino-piastics, ii. 493 
bearings, ii. 488 
calendering process, ii. 249 
casting thermosetting resins, 
li. 246 

cements and cementing, ii. 
492, 496 

cellulose acetate, ii. 493 
compression moulding, ii. 
242 

definition of, ii. 236 
dielectric heating, iv. 23 
engineering applications, ii. 
485 

extrusion, it. 246 
film making, ii. 248 
gears and pinions, ii. 486 
guards for machine tools, ii. 
235 

injection moulding, ii. 238 
in shipbuilding, iii. 179 
jointing methods, ii. 505 
laminated materials, ii. 250, 
491 

lubrication of, ii. 496 
machining operations, ii. 
496 
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Plastic(s) — Cdi'itd. 
manufacture of, ii. 250 , 

moulding, ii. 236 
Nelson H-gun, ii. 488 
packaging materials, Hi. 398 
patterns, /. 86' 
pelleting, ii. 245 
phcnolics, ii. 49,0 
polystyrene, ii. 494 
polytetrafluoroethylene, ii. 
495 

polythene, ii. 494 
polyvinyl chloride, ii. 494 
prefiller valve, downstroke 
presses, ii. 241 
sheeting, li. 248, 250 
silicones, ii. 495 
speeds and cutting rakes for, 

i. 486 

synthetic resin core-binders, 

ii. 489 

testing. Hi. 315 
thermoplastics, ii. 2\H, 245 
thermosetting materials, m. 

242, 244, 296 
transfer moulding, ii. 244 
varnishes, ii. 492 
Plate bending, ii. 366 
-bending ^presses, li. 203 
moulding, /. 60 
-type collet chuck. Hi. 96 
Platers’ shop, shipbuilding, Hi. 
170 

Plug gauges, lapping, /. 433 
superfinishing, i. 443 
Plumbers’ shop, shipbuilding, 
ii. 172 

Pneumatic power hammers, i. 

515, 530 ;/v. 456 
Poker welding, ii. 1 50 
Polak-type machine, i. 140, 
144 

Polishing process, dies, ii. 428, 
432, 435 

Polystyrene, ii. 494 
Polytetrafluoroethylene, ii. 
495 

Polythene, ii. 494 
film. Hi. 400 

Portable electric drills, i. 284 
engines, iv. 412 
Potentiometer controllers, iv, 
18 

Powder metallurgy, i. 29 ; ii. 

416 

applications of, ii. 421 
die design in, ii. 419 
furnace, sintering, ii. 420 
preparation of powders, H. 

417 

pressing, ii. 418 I 

sintering, ii, 419 I 


Power hammers, pneumatic, 
iv. 460 

plant installation, st^am 
pipe, diagram, iv. 385 
press. Bliss lQ-84 do?ible- 
craak (JData Sheet No. 22) 
pumps, iv. 140 
requirements, presswork, H. 
174, 178 

to drive a pump, iv. 1 30 
transmission by behing (jcc 
below) 

unit, for diesel locorpotives, 
iv. 62 

Power transmission by belting, 
iv. 458 

arc of contact correction 
factor, iv. 479 
Balata belts, iv. 458 
belting formulae for flat 
belts, iv. 466 

cemented or endless joint, 
iv. 458 

drive dbsign formulie, V- 
belts, iv. 473 

drives, installation of, iv. 
472 

faults in ‘flat-belt drives, iv. 

464 

V-belt drives, iv. 473 
flat belts, iv. 458 
horse-power, V-belts, iv. 
477 et seq. 

lacing in belts, iv. 462 
leather belts, iv. 459 
maintenance of belts, iv. 464 
metal fasteners, iv. 461 
pitch, diameters, and lengths, 
iv. 482 4. 

pu^eys, iv. 462 
V-l^lts, iv. 469 ei seq. 

Pratt and* Whitney jig borer, 
Hi. 137 

Precision tools and diej, /. 444 
Preheaters, iv. 188 
Premier steam injector, /vt 268, 
270 

Press bending, H. 371 
brake, the, ii. 176 
Presses, forging, i. 530 ; ii. 21 1 
Presses, hydraulic, ii. 191, 242 
2,250-ton forging, i. 520 
accumulators for, ii. 214 
armature type, H. 202 
“constant-pressure,” ii. 198 
die construction, ii. 206 
die forging, ii. 212 
downstroke, it. 196 
extrusion type, ii. 200 
forcing, ii. 202 
forging, ii. 21 1 
for hot forging, ii. 210 


Presses, hydraulic — Coijtd. 
for workshop operations, H. 
201 

frame-type, //. 199 
horizontal, ii. 299 
Lamberton/Eumuco, plate- 
bending (Data Sheet No. , 
24) ^ 

packings for, //. 1 92 
plate-bending, H. 203 
platen pressure, H. 204 
pumping equipment, ii. 212 
rubber for, ii. 208 
rubber die, //. 204, 209 
simple upstroke, H. 194 
steam-hydraulic intensifiers 
for, H. 216 « 

straightening presses, H. 203 
troughing, ii. 203 
ventilator dishing, H. 365 
Presses, mechanical, ii. 174 
air-cushion equipment, H. 
177 

bending machines, //. 176 
blanking process type, ii. 1 74 
coining or embossing type, 
ii. 18Q • 

deep-drawing, ii. 1 76 
dies, ii. 175, 182 
double crank, ii. 1 77 
drawn contours, ii. 1 79 
edge forming and flanging 
machines, ii. 176 
Eumuco Maxima, ii. 184 
forging type, i. 530; //. 211 
forming by drop stamp, ii. 
184 

lubricants for, H. 178 
power consumption of, ii. 
174, 178 

punch and die radii, ii. 183 
“ springbuck, ’J ii. 183 
Pressing operations, ii. 1 80 
Pressure die casting, /. 140 
plates, use of, ii. 187* 
testing, aircraft* Hi. 218 
Pressurestats, iv. 16 
Producer gas, iv. 188 
Producer, gas, iv. 99 
Production planning, ii 14; 
Hi. 1-11 

automobile bodies, ii. 142 
Design Department, Hi. 3 
market survey. Hi. 1,3 • 
material delivery. Hi. 10 
Profiling stainless steel, H. 126 
Projection welding, ii. 151 
Proof stress, materials. Hi. 293 
Propeller manufacture, Hi. 208 
grinding and polishing. Hi. 
212 ^ 
hub, the. Hi. 214 
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Propeller manufticture — 

Gontd. * • 

milling the shank, Hi. 21 1 
Rotol four-blade, hi. 2l3 
Pulley diameters, V-belt 
drives, 484 

Pulverised-coal firing, /v. 321 
ash elimination, /v. 325 
Atnfor pulveriser, the, /r. 
330 

Babcock & Wilcox, n\ 
324, 332, 334 et seq. 
fuel, the, /v. 323 
grinding, fineness of, iv. 324 
Kennedy pulveriser, the, i\\ 
329 

Resolutot pulveriser, iv. 328 
separator, the, /v. 328 
Simon-Carves installations, 
/V. 322, 326, 336 
unit system, the, iv. 323 
Pulverisers, i\\ 326 ct seq. 
Pumps and pumping, iv. 121 
axial-plunger type, i\\ 147 
belt-driven diesel, iv. 144 
boreholes, system for, iv. 
169, 172 

Cameron horizcfrital con- 
densate, /V. 164 
characteristic curves, iv. 

154, 159, 161 
centrifugal, iv. 151 
centrifugal well and bore- 
hole, iv. 165 

compressed-air pumping, iv. 
180 

condensate pumps, iv. 163 
delivery losses, iv. 127 
direct-acting, iv. 131 
driving, method of, iv. 168 
drum type, iv. 175, 176 
Duplex pumping and heat- 
ing unit, if. 298 
electraulic pump, iv. 149 
emergencies, automatic ar- 
rangements for^ iv. 169 
engine-jacket water, iv. 173 
equipment for presses, //. 21 2 
feed-water, iv. 188 
foot valves and strajpers, iv. 
123, 166 

friction losses, iv. 126, 128 
fuel tanks, iv. 173 
gear pumps, iv. 176 
governor, oil-fuel burners, 
iv. 306 

guide-vane type, iv. 152 
Gwynne pressure, iv. 152 
Hayward-Tyler pumps, iv. 
174 

Hele-Shaw Beacham rotary, 
iv. 177 


Pumps and pumping— Contd. 
horizontal Duplex, iv. 133, 
143 

hydraulic, iv. 145 ^ 
gram, the, iv. 182r 
impellers and diffuser rings, 
iv. 153 * 

independent, running of, iv. 
409 

inlet passages, iv. 153 
Merr^wcailter turbine fire, 
lY. 179 

multi-stage turbine type, iv. 
15*7 

pipes, arrangement of, for, 

IV. 122 

power pumps, iv. 140 
transmission, iv. 166 
reciprocating»pumps, capa- 
city of, iv. 128 
roller pump, iv. 177 
Roloid hcUcul rotor, iv. 176 
rotary pump, iv. 175 et seq. 
.shafting, loss of .power in, 
iv. 168 

single-stage, iv. 160, 161 
split-casing types, iv. 155, 
162 • 
submersible borehole, iv. 
173 

salvage, iv. 184 
suction lift, iv. 127 
losses, iv. 126 
thrust, tv. 173 
two-stage type, iv. 1 62 
vertical Triplex ram type, 
iv. 141 

volute pump, the, iv. 151 
Vulcan hydraulic, tv. 183, 

184 

water, temperature of*, iv. 
12 ? # 
Worthington vertical Sim- 
plex, /v^l38 

Punching, laminates, ii. 500 
Pu release Department, factory, 

mill. 17 

Purefoy components for jigs, 
iii. 106 • 

Push-button control for 
presses, ii. Ill 

P.V.C. cable for pumps, iv. 

185 

Pyramid hardness numerals, 
iii. 302 

Pyrometers, iv. 6 

Quality production in en- 
gineering, iii. 112 
automobiles iii. 1 12 
I processes, iii. 118 
I Standards Room, iii. 1 14 


-IV 533 

Quantity prockiction, auto- 
mobiles, iii. 131 
* assembly line, the, fii. 155 
machine-shop practice, iii. 
136 

paint finishing, iii. 160 
Toolroom and Standards 
Room, //7. 131 
trim fitting and final as- 
sembly, iii. 162 
Quenching, steel, i. 26, 28 

R. & G. fluid measure, iv. 13 
Radial drilling machines, i. 
291 

Radiography, iv. 33 
Railway axles, forging, i. 516 
Raising steam (boilers), iv. 
212, 216 

water-tube, iv. 240 
Rake, correct cutting, i. 281 
Ram pump, vertical triplex, iv. 
141, 142 

R?\tchet brace drills, i. 283 
Reamers, grinding and polish- 
ing, /. 441 
sharpening, i. 461 
Reaming holes, gearwheels, i. 
304 

Rear axles, automobile, iii. 
150 

Reciprocating pumps, iv. 1 28 
Rectangular key, i. 15 
Reducing gear, engine indica- 
tor, iv. 430 

Redwood ' iscometer, iv. 281, 
312 

Refrigeration practice, iv. 483 
air-conditioning, refriger- 
ants, iv. 478 

brine as cooling medium, iv. 

494 

cascade system, iv. 476,495 
circuits, refrigerating, iv. 

491 

compressors, modern, iv. 
478 

condenser, the, iv. 483 
cycle, the, iv. 483 (Wall 
Chart No, 12) . 
dry compression system, iv. 

492 . 

evaporator, the, iv. 484 
ice-making plant, iv. 485, 

495 

multiple-circuit system, iv. 
494 

pump system, iv. 492 
refrigerants, iv. 484 et seq. 
low temperature, iv. 486 
in large cold stores, iv. 
486 
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Refrigeration practice — Contd. 
regulating valve, iv. 484 
two-S'^age evaporation' 
system, /v. 492 
Resistance welding, ii. 34 
butt, U. 52 
flash, ii. 53 
“Mash,” ii. 47 
projection, ii. 5i 
seam, //. 50 
spot, ii. 34-46 
stitch, ii. 46 

Resolutor pulveriser, the, iv. 
328 

Richards boring and turning 
mill (Data Sheet No. 1 9) 
machine, iii. 199 
PRT type (Data Sheet No. 
18) 

Riggers, shipbuilding, iii. 1 76 
Rigidhohber, the, ///. 148 
Rig testing, aero engines, iii. 
234 

Ring gauges, lapping,’/. 4^35, 
445 

Ripsnorter saw, /. 223 
Rivets and riveting, ii. 284; 
iii. 177 

boiler rivets, tests, ii. 285 
clearance for, ii. 285 
closing pressure, ii. 288 
cold riveting, ii. 291 
diameters of, ii. 285 
drilling holes for, li. 285 
heads, types of, ii. 285 
heating temperature for, ii. 
286 

joints, types of, ii. 290 
lap joints, ii. 287 
machines, ii. 289, 291 
30-ton portable bear-type, 
iv. 149 

pin, for locomotives, iii. 
193 

shank, length of, ii. 286 
with dolly, ii. 357 
R.M.S. Caronia, boiler-room 
of, iv. 241 

Rocker shafts, installation 
for, iii. 1 56 • 

Rockwell hardness, iii. 45, 302 
tests, B.S. for, i. 30 
Roller pump, iv. Ill 
Rolls-Royce cars, iii. 112 
Ronald Wild calorimeter, iv. 
344, 348 

Rope drives, iv. 117, 118 
Rotary power feed, milling, 
. iii. 79 

pumps, iv. 175 
swaging process, i. 542 
welding fixture, iii. 101 


Rotating-beam testing ma- 
chine,'///. 306 
Rotodip process, ii. 270 
plants^ iii. 1 60 
Rotol pit)pellers, iii. 213 , 
Royce, Jir Henry, iii. 1 1 2 
Rules for inQexing, milling, and 
mac;bine-tool operations 
(Data Sheet No. 5) 
Running repairs, steam en- 
gines, /V. 421 
Russian iron, //. 293 
Rust on diesel locomotives, iv. 
61 et seq. 

Mark 37 fuel injector, iv. 
64 

Thennax boiler, iv. 194, 196 
Rust-proofing technique, li. 
270 

aero engines, iii. 263 
Bittac spraying, //. 276 
paint finishing line, ii. 273 
plant, ii. 271 
primer painting, ii. 273 
Rotospray, ii. 213 
Sunstrand machines, li. 275 
treatment, ii. 271 
wet sanding for, //. 275 
Ruths steam accumulator, iv. 

•206 


Saddle keys, /, 1 5 
Sailmakers, iii. 176 
Sand as a loading, ii. 386 
for moulding, i. 90 
Sanders and polishers, /. 217 
Saturated steam, /v. 214 
Scleroscope, the, iii. 304 
Screw(s) : 

-cutting, i. 239 
plastics, ii. 503 * 
for laminates, ii. 504 et seq. 
levelling, macbj;ie tools, iv. 
447 

' thread and profile accuracy, 
iii. 117 
threads, i. 17 
limits and tolerances 
(Data Sheets Nos. 9 
and 10). 

pitch diameter, iii. 49 
sizes (Data Sheets Nos. 6, 
7, 8, and 11) 

Screwdrivers and wrenches, /. 
215 

Screwdriving, multi-, iii. 103 
Seam welding, ii. 151 
Section bending, ii. 387 
Sectioning, blueprints, i. 9 
Settling point of oil, z’v. 281 
Shadowgraph^ the, iii. 247, 248 


Shaping machine, Elliott 
Invic^a (Data Sheet No. 
21 ) 

Shardlow crankpin lathes, iii. 
119 

Shearing, laminafes, ii. 503 
machines, ii. 332 

Shear-speed gear-cutter, iii. . 
147 

Sheet-metal work, ii. 292 
beading and swaging 

machines, ii. 348 
bending and folding 

machines, li. 337 
blacksmith’s hood, ii. 323 
colour marking, ii. 296 
cones, ii. 309 
conical hopper, ii. 31.? 
copper sheet, ii. 363 
cutting, i. 216 
hand forming tools, li. 331 
hoods, ii. 318 
joining ii. 355 
metals, types of, li. 292 
pattern forming, ii. 297 
pipe clips and bands, ii. 320 
power-operated cutting 
tools, ;7. 328 
rectangular flue, li. 323 
solder and soldering, ii. 358 
square tapered box, li. 322 
tinplate sizes, ii. 363 
tools, ii. 325 
welding, ii. 361 
wheeling machines, ii. 342 
wires, gauges, ii. 362 
wiring edges, allowances, ii. 
320 

Sheffield gauge comparator, 
hi. 116 

Shipbuilding, survey of, iii. 
163 

assembly shop, iii. 172 
buildings, shipyard, iii. 169 
cranes in machine shops, iii. 
167 ^ 

electric ^welding in, iii. 166 
fitting-out, iii. 168, 185 
launching, iii. 182, 183 
lighl(f g and heating, iii. 179 
machinery, iii. 171, *179 
materials, iii. 176 
mould loft shop, iii. 169 
platers’ shop, iii. 170 
plumbers’ shop, iii. 17*1' 
shipyard personnel, iii. 173 
welding, ii. 130, q.v. 
staging in shipyards, iii. 179 
stem frame, erection, iii. 
180 

storage space, iii. 1^5 
transport in the yard, iii. 1 66 
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Shipyard welding, 30 

barges, prefabricated, ii. 1 'Mf 
castings, replacement pf, ii. 
139 

double bevelling machine, 
ii. 136 ^ 

edge preparation, ii. 133 
electrical supply, ii. 135 
equi{)ment, ii. 134 et seq. 
oil-tankcrs, //. 138 
Unionmcit //. 135 

welded-riveted construction, 
//. 137 

yard layout, ii. 132 
Shrinking (presswork), ii. 189 
Silicon, u. 439, 460 
Silicqpes, //. 405 
Silvet finish iron, //. 293 
Sliver soldering, li. 360 
Simon-Carves pulveriser, iv. 
326 

Simmonds electronic tank 
gauge, /»’. 27 

Simpling valve, steam engines, 
IV. 406 

Sine bar variations, in. 45 
Sintered carbid?«, character- 
istics of, i. 487^ 

Sintering, i. 28, 337; ii. 419 
Site selection, l^actories, in. 13 
Skoda Works, Prague, Hi. 193 
Small-piece lathe, in. 153, 154 
Smithy, locomotive manu- 
facture, Hi. 191 
Snout bar, use of, i. 313 
Sodium hydride descaling, li. 
260 

generator operation, n. 263 
injuries, treatment of, ii. 265 
plant for, ii. 262 
safety precautions, ii. 2o5 
Solders and brazing, /v. 21 
and solderirl^, ii. 358, 361 
of stainless steel, ii. 1 13 
fixtiq'es. Hi. 100 
floating arid brid.qiiiig, ii. 360 
fluxes, ii. 359 
silver soldering, H. 360 
Solex air gauge. Hi. 125, 141 
Solidification, metaliJV/. 19 
Solid-injection diiJSel engine, 
iv. 53 

Soot blowers, iv. 232, 236 
Sortie, i. 25 

Spark-ignition engines, /v. 91 
Specific gravity, oil fuels, iv. 
281, 309 

Speed maintenance, steam tur- 
bines, iv. 438 

Speeds, drilling operatiofis, /. 
285 

Speetog clamps, Hi. 105 


Spherical boring, /. 318 I 
Spinning lathes, ii.$^2 (metal) I 
(.see also Metal spinning) ‘ 
^perations, H. 409 J 
Spiml milling, i. 34» 
Spline-shaft griodi|g ma- 
chines, I. 399' 

Split-casing pumps, Wi'. 155 et 
seq. 

Spot welding, ii. 34-55 
aluminium-alloy sheet, ii. 
38 

automatic machine, opera- 
tion of, //. 44 
electrodes for. //. 44 
light-duly pliers for, li. 41 
machines, types of, H. 39 41 
mild steel, //. 36 
pressure requirement for, n. 
39, 43 

roller-type machine for, ii. 
149 

setting contact points for, 

, it. 46 ** 

timing and cun..nt control 
in, li. 41 

Spring apd helve hammers, i. 
522 

for forging work, i. 519, 522 
Spur gear, cutting on milling 
machine, i. 334, 356 
Square threads, i. 18 
Staging in shipbuilding, Hi. 
179 

Stainless steel, i. 26; ii. 296, 
451 

soldering and brazing, ii. 
113 

Standard air cqptroller. Hi. 52 
Standards Room, the. Hi. 39, 
114,131 

angular measurer?ent. Hi. 45 
Auto-collimator, Hi. 46 
British laiperial Standard, 
Hi. 40 

Standards Institute, Hi. 42 
Drooks level. Hi. 42 
comparators. Hi. 1 1 5 
gauge block's. Hi. 42 
insulation of. Hi. 40 
Johan&sen-type slip gauges, 
Hi. 114, 115 
light waves. Hi. 41 
linear measurement. Hi. 42 
optical instruments, Hi. 42, 
47 

precision instruments. Hi. 
117 

profile tools and cutters. Hi, 
117 

restricted ranges, checking, 
Hi. 48 


Standards Room, the — Contd. 

screw threads, pitch of. Hi. 

' 49,117 

surface finish measuring. Hi. 
50 

Zeiss appiiratus, Hi. 40, 116 
Standard test specimens. Hi. 
294 

Starting times, steam tur- 
bines, IV. 439 

Stationary steam engines, iv. 
396 et seq. 

Steam, air, and water, pro- 
perties of (Wall Chart 
No. 5) 

Steam boilers and boiler plant, 
iv. 186 

Autolec boiler plant, iv. 205 
B. & A. electrode boiler, 
iv. 204 

boiler construction, iv. 190 
Cochran Smuflu boilers, iv. 
199 

, electrode boiler, iv. 203 
Fraser types, iv. 195 
fuel, types of, iv. 186 
mobile types, iv. 194 
Paxman Ultranomic, iv. 197 
et seq. 

raising the steam, iv. 402 
Ruston Thermax, iv. 194, 196 
steam accumulators and, 
feed-water, iv. 206 
steam pressures, boiler 
plant, iv. 210, 242 
waste-1’ 2at, iv. 199 
gases from furnaces, iv. 
202 

Steam engines: 
air-pump valves, iv. 426 
bearing adjustments, iv. 427 
boiler pressure, iv. 406 
circulators, iv. 400, 403 
combined engines and boil- 
ers, iv. 410 

condensing plants, opera- 
tion of, iv. 408 
connecting rods, iv. 423, 
427 

crankshaft lubrication, iv. 
417 

cylinder lubrication, iv. 414 
draining water from system, 
iv. 403 

drain taps on cylinder, iv. 
405 

drop-valve gear, iv. 397 
eccentric-rod pin, iv. 425, 
427 

straps, iv. 424, 427 
exhaust-steam feed-water 
heaters, iv. 408 
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Refrigeration practice — Contd. 
regulating valve, iv. 484 
two-S'^age evaporation' 
system, /v. 492 
Resistance welding, ii. 34 
butt, U. 52 
flash, ii. 53 
“Mash,” ii. 47 
projection, ii. 5i 
seam, //. 50 
spot, ii. 34-46 
stitch, ii. 46 

Resolutor pulveriser, the, iv. 
328 

Richards boring and turning 
mill (Data Sheet No. 1 9) 
machine, iii. 199 
PRT type (Data Sheet No. 
18) 

Riggers, shipbuilding, iii. 1 76 
Rigidhohber, the, ///. 148 
Rig testing, aero engines, iii. 
234 

Ring gauges, lapping,’/. 4^35, 
445 

Ripsnorter saw, /. 223 
Rivets and riveting, ii. 284; 
iii. 177 

boiler rivets, tests, ii. 285 
clearance for, ii. 285 
closing pressure, ii. 288 
cold riveting, ii. 291 
diameters of, ii. 285 
drilling holes for, li. 285 
heads, types of, ii. 285 
heating temperature for, ii. 
286 

joints, types of, ii. 290 
lap joints, ii. 287 
machines, ii. 289, 291 
30-ton portable bear-type, 
iv. 149 

pin, for locomotives, iii. 
193 

shank, length of, ii. 286 
with dolly, ii. 357 
R.M.S. Caronia, boiler-room 
of, iv. 241 

Rocker shafts, installation 
for, iii. 1 56 • 

Rockwell hardness, iii. 45, 302 
tests, B.S. for, i. 30 
Roller pump, iv. Ill 
Rolls-Royce cars, iii. 112 
Ronald Wild calorimeter, iv. 
344, 348 

Rope drives, iv. 117, 118 
Rotary power feed, milling, 
. iii. 79 

pumps, iv. 175 
swaging process, i. 542 
welding fixture, iii. 101 


Rotating-beam testing ma- 
chine,'///. 306 
Rotodip process, ii. 270 
plants^ iii. 1 60 
Rotol pit)pellers, iii. 213 , 
Royce, Jir Henry, iii. 1 1 2 
Rules for inQexing, milling, and 
mac;bine-tool operations 
(Data Sheet No. 5) 
Running repairs, steam en- 
gines, /V. 421 
Russian iron, //. 293 
Rust on diesel locomotives, iv. 
61 et seq. 

Mark 37 fuel injector, iv. 
64 

Thennax boiler, iv. 194, 196 
Rust-proofing technique, li. 
270 

aero engines, iii. 263 
Bittac spraying, //. 276 
paint finishing line, ii. 273 
plant, ii. 271 
primer painting, ii. 273 
Rotospray, ii. 213 
Sunstrand machines, li. 275 
treatment, ii. 271 
wet sanding for, //. 275 
Ruths steam accumulator, iv. 

•206 


Saddle keys, /, 1 5 
Sailmakers, iii. 176 
Sand as a loading, ii. 386 
for moulding, i. 90 
Sanders and polishers, /. 217 
Saturated steam, /v. 214 
Scleroscope, the, iii. 304 
Screw(s) : 

-cutting, i. 239 
plastics, ii. 503 * 
for laminates, ii. 504 et seq. 
levelling, macbj;ie tools, iv. 
447 

' thread and profile accuracy, 
iii. 117 
threads, i. 17 
limits and tolerances 
(Data Sheets Nos. 9 
and 10). 

pitch diameter, iii. 49 
sizes (Data Sheets Nos. 6, 
7, 8, and 11) 

Screwdrivers and wrenches, /. 
215 

Screwdriving, multi-, iii. 103 
Seam welding, ii. 151 
Section bending, ii. 387 
Sectioning, blueprints, i. 9 
Settling point of oil, z’v. 281 
Shadowgraph^ the, iii. 247, 248 


Shaping machine, Elliott 
Invic^a (Data Sheet No. 
21 ) 

Shardlow crankpin lathes, iii. 
119 

Shearing, laminafes, ii. 503 
machines, ii. 332 

Shear-speed gear-cutter, iii. . 
147 

Sheet-metal work, ii. 292 
beading and swaging 

machines, ii. 348 
bending and folding 

machines, li. 337 
blacksmith’s hood, ii. 323 
colour marking, ii. 296 
cones, ii. 309 
conical hopper, ii. 31.? 
copper sheet, ii. 363 
cutting, i. 216 
hand forming tools, li. 331 
hoods, ii. 318 
joining ii. 355 
metals, types of, li. 292 
pattern forming, ii. 297 
pipe clips and bands, ii. 320 
power-operated cutting 
tools, ;7. 328 
rectangular flue, li. 323 
solder and soldering, ii. 358 
square tapered box, li. 322 
tinplate sizes, ii. 363 
tools, ii. 325 
welding, ii. 361 
wheeling machines, ii. 342 
wires, gauges, ii. 362 
wiring edges, allowances, ii. 
320 

Sheffield gauge comparator, 
hi. 116 

Shipbuilding, survey of, iii. 
163 

assembly shop, iii. 172 
buildings, shipyard, iii. 169 
cranes in machine shops, iii. 
167 ^ 

electric ^welding in, iii. 166 
fitting-out, iii. 168, 185 
launching, iii. 182, 183 
lighl(f g and heating, iii. 179 
machinery, iii. 171, *179 
materials, iii. 176 
mould loft shop, iii. 169 
platers’ shop, iii. 170 
plumbers’ shop, iii. 17*1' 
shipyard personnel, iii. 173 
welding, ii. 130, q.v. 
staging in shipyards, iii. 179 
stem frame, erection, iii. 
180 

storage space, iii. 1^5 
transport in the yard, iii. 1 66 



INDEX TO VOLUMES 1-lV 537 


Steelj)ipes — Contd.^ 
screwed and socketed join 
iv, 372 

special fittings, iv. 368 et seq. 
spigot and socket joints, /v. 
364 

steam, 369 {see also Steam 
pipes) 

supports, types of, iv. 374 et 
seq. 

template pipes, iv. 372 
victualic joints, iv. 365 
water, gas, and air, iv. 363 
welded joints, iv. 364, 371 
Steelwork, identification of, 
in. 176 

Stec^orkers, shipbuilding, in. 
174 

Stellite, //. 277, 496 
blowpipes tor, ii. 279 
cooling of. //. 281, 283 
depositing the metal, ii. 
280 

metallic arc process for, //. 
282 

oxy-acetylene method for, 
n. 278 N ^ 
preheating of, // 279 
Stethoscope, industrial, lii. 
160 

Stewarts’ joints, steel pipes, iv. 
364, 366 

Storage space, ships, ///. 185 
-type water heaters, iv. 272 
Straightening by machine, n. 
400 

presses, ii. 203 

Stress-relieving furnaces, ii. 
30 33 

Strickle boards, i. 62 
Stud-welding gun, //. 488 
locomotiv(^, /■//. 193 
Subassemblies, aero-engine. 
Hi. 234 

Subn^rsible salvage pumps, 
/V’. 18f • 

Sunstrami machines ii. 275 
Superfinishing of stgel, i. 441 
boring, drilling jms, /. 445 
cutting tool edjjjefy /. 445 
Foster machine, /. 443 
grinding reamers, i. 441 
plug gauges, /. 443 
polishing reamers, i. 441 
precision tools and dies, /. 
444 

ring gauges, i. 445 
Superheated steam, iv. 214 
Superheater safety valyes, /. 
230 

Superheaters, iv. 188 
Supersonic testing, iv. 28 


Surface broaching^ ///. 143 I 
grinding, i. 388 ^ J 

gardening, /. 28 ^ 
speed conversion (Data 
• Sheet No. 1) 

Swarf disposal, m^illftig, in. 75 
Switch, photocell, iv. 11 

Tachometer, hand, iv. 8 et seq. 
Tangent key, t. 15 
Tanks,* installation of, iv. 36 
engines, iv. 47 
wat^r, capacity of, iv. 279 
Taper turning, i. 245 
Tapping fixtures. Hi. 96 
laminates, li. 504 
special steels, ii. 458 
I'aylor-Hobson comparator, 

III. 115, 125 
Teco, I. 235 

Temperature, measurement of, 

IV. 4 

Tempering, i. 27 
j^remplate(s), in. 2i(6 
attachments, iii. 122 
following by “electric-eyc," 
11. V25 

for closing pipes, iv. 372 
tracing, in. 109 
Terne plate, it. 294 
Testing : 

injection equipment, 
diesels, iv. 69 

lubricating and fuel oils {see 
hr low) 

naachine tools, alignment, 
IV. 453 

materials {see below) 
solid fuels, iv. 343 
steam engines, iv. 42^k 
supersonic, of rrtdtals, iv. 

Testing of lubricating and fuel 
Otis* 307 {see also 
Liquid fuels) 
caloiific value, iv. 320 
Larbon residue tests, iv. 315 
cloud and, pour points, iv. 
314 

cold test and setting point, 
/V. 315 

colour, iv. 317 
Conradson apparatus, iv. 
317 

demulsification number, iv. 
316 

dielectric strength, iv. 318 
diluent tests, iv. 319 
fire point, iv. 314 
Gri^n-Sutton calorimeter, 
iv. 319 

mechanical testing, iv. 319 


Testing of lubricating and 
fuel oWs—Contd, 

Pensk v-Martgns apparatus, 
/v. 313 

Redwood iv. 312 

sludge and oxidation, iv. 3 1 6 
sources of oils, iv. 307 
specific gravity, iv. 309 
viscosity, iv. 310 
volatility, iv. 314 
water content, /L 318 
Testing of materials, iii. 284, 
289 

analytical and corrosion, 
iii. 314 

bend tests, iii. 297 
compression tests, iii. 295 
creep tests, iii. 308 
cupping tests, iii. 297 
fatigue testing, iii. 306 
impact tests. Hi. 304 
mechanical tests, plastics, 
in. 315 

f metallographic tests, id. 308 
tensile tests. Hi. 284 
torsion tests, iii. 299 
transverse tests, iii. 297 
Textile machinery, plastics for, 
ii. 490 

Thermocouple, definition of, 

/V. 6 

Thermometers, iv. 5 
Thermostats, iv. 14 
Third angle projection, /. 9 
Thread(s) : 
chasci s, /. 437 
cutting, i. 244 
gauges, lapping, i. 436 
grinding machines, i. 401 
screw, i. 17 ; iii. 49 {see also 
Data Sheets Nos. 6-1 1) 
turning machine, iii. 1 55 
Threshing and ploughing 
engines, iv. 411 

Time and motion study, iii. 3, 
15, 25, 332 

basic time cycle, iii. 337 
fatigue allowance, iii. 340 
manual movements, iii. 333 
mass production, iii. 336 
rate fixing, iii. 338 
spot check, iii. 337 
standardisation of opera- 
tions, iii. 334 
target time, iii. 342, 345 
Tinplate, ii. 293 
Titanium, ii. 439 
Todd oil-burning equipment, 
iv. 300 et seq. 

Tool-room grinding, i. 450 
Aloxite, i. 448 
carbide-tipped tools, i. 453 
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Tool-room grirfding— 
carboi^^ndum, i. 449 
cup-wheel clearance, /. 458 
cuttcq^ angles, i. 451 et seq. 
machine grindipg, /. 450 
milling cutters, /. 455 
offhand grinding, /. 449 
setting tooth rest, /. 458 
setting up tools, /. 459 
standard grinding wheel 
shapes", i. 447 
wheel speeds, /. 459 
Tool(s) : Hi. 117 
alloy steels for, //. 447 
bench anvil, ii. 335 
boring, /. 234 
broaching, /. 502 
carbide-tipped, /. 453, 465 
chip-breakers, types of, /, 
483, 490 
chisels, i. 153 
clamptip, T. 471 
clearances and rutting 
angles, /. 450 ' 

die trimming, /. 532 
drills, i. 21 1 
drop stamp, ii. 1 86 
Fellows gtear shaper. Hi. 246 
files, /. 15‘5 
fitter’s bench, i. 151 
flexible-shaft reamer, H. 171 
for metal spinning, ii. 414 
for steam and pneumatic 
hammers, /. 519 
grinding methods, /. 474; Hi. 
283 

hacksaws, i. 160 
hammers, i. 152; ii. 334 
hand forming, ii. 331 
mallets, ii. 334 
mandrel, H. 335 
marking-oflF, Hi. 289 
methods for setting up, i. 
459, 481 

micrometer, i. 166, 171 
milling cutters, i. 454 
panel heads, ii. 336 
pattern-makers, i. 32 
planing, i. 493 
power^riven, i. 211-24 
reamers, i. 163 
regrinding, i. 488; Hi. 134 
rivet squeeze, ii. 358 
saws, specifications, H. 502 
scrapers, i. 159 
sheet-metal work, ii. 325 
Sifbronze tipping, ii. 106 
sintered nickfel-steel, il. 423 
S.l.P. Genvois jig borer, Hi. 
135 

spanners, i. 161 
stakes, ii. 335 


Tool(s)— 

straightedge. Hi. 226 
surface plates, /. 163 . 

taps ard dies, /. 1 64 
templates and jigs, i. 17(i 
test inflict tor, i. 175 
tipped type, i. 234 
tungstcb-carbide, ii. 496 ; Hi. 
134 

turning operations, i. 231 
vernier calliper, i. j|t8, 171 
vice, types of, i. 1 52 
Wickrmn milling cu^crs, /. 
477 

Wimet. i. 466, 472 
Tooling, Purefov unit, m. 108 
Torch brazing tipped tools, i. 
468 ,, 

Torque reaction dynamo- 
meter, /v. 87 

Torsion tests, materials, Hi. 
299 

Town’s gas (boiler fitting), iv. 
187 ’ 

Traction engines, iv. 41 1 
Transmission, power, by belt- 
ing, /r. 458, q.v. 
Transmission case fixture, in. 

Transverse tests of materials, 
Hi. 297 

Trepanning, laminates, //. 504 
Trichlorethylene in metal de- 
greasing, H. 252 
Tricone water heater, iv. 276 
Trim fitting, automobiles^ Hi. 
162 

Triode valve, iv. 20 
Troostite. i. 25,< 27 
Troug,hing presses, ii. 203 
Tube bcliding, ii. 379 . 
loading,^/. 385 
replacement, boilers, iv. 239 
Tufnol sheets, tuitir.g, ii. 
, 500 

Tungsten-carbide dies, /. 544; 
ii. 424 

bar- and tubeTdrawing dies, 
ii. 430 

blending radii, ii. 427 
checking die profiles, ii. 426 
countersink forming, ii. 436 
die polishing, ii. 425, 432, 

435 

die reshaping, ii. 430 
grinding, ii. 426, 435 
heading and extrusion dies, 
ii. 435 

lapping and polishing, ii. 

436 . 

ripping and regrinding, ii. 
434 


Jungstencarbide dies — 

: sizing and polishing, ii. 428, 
432, 435 

solid-shaped dies, ii. 432 
wire-drawing ii. 427 
Tungsten-carbide tipped tools, 
i. 235, 498 

Turbine(s): / 

bottom core grid, lowering. 
Hi. 270 

cardboard template. Hi. 266 
casting casing for. Hi. 364 
gas (Wall Chart No. 10) 
half-core grid. Hi. 267 
marking out sand bed, iii. 
266 

matching core halves^ iii. 

271 

multi-stage pump, iv. 157 
open sand mould, Hi. 267 
placing the “clays,” in. 269, 

272 

paper “parting,” Hi. 273 
pouring turbine casing, iii. 
275 

setting position of flange. 
Hi. 26^ 

steam, iv*. 435 (Wall Chart 
No. 7) 

sweeps, use of, iii. 268, 272 
wheels, iii. 255 

Turbo-jet aero engine (Wall 
Chart No. 8) 

Turning: 

and boring fixtures. Hi. 82 
gear, steam turbines, iv. 438, 
440 

laminates, ii. 504 
practice, //. 261 72 
special steels, H. 457 
Twist drills, i. 275-9 
Two-stage pumps, 161, 162 


Ultimate strength, materials, 
iii. 292r 

Ultranomic boilers, iv. 197 
Uniflow steam engine, iv. 394 
Unionmeli automatic welding, 
ii. 2^ 

butt weldbacked by manual 
weld, ii. 29 

copper-backed butt weld, ii. 
29 ' 

current and voltage control, 
ii. 21 

integral backed method, ii. 
29 

non-positioned fillet welds, 
ii. 29 

powder, H. 27 ^ 

rurfjpe^</knob, ii, 29 



INDEX TO VOLUMES I-IV 


^39 


Univeg-sal benders,^ ii. 376. 
399 I 

grinding machines, /. 198 
spiral indexing head, i. 340 
Upstroke hJijlraulic press, ii. 
194 

Vacuum chucking, Hi. 92 
Valve(s) : 

diesel indicator, the, iv. 71 
gear, erection of, iv. 47 
pneumatic power ham- 
mer, /V. 460 
steam hammers, i. 517 
reducing, steam pressure, iv. 
156 

regulating, refrigerators, iv. 
484 

tappets. Hi. 125 
timing. Hi. 236 
Vanadium, i. 26; /'/. 439 
Vandervell bearings, Hi. 124 
Vapour degreasing plants, H. 
252 

phase inhibitors, Hi. 396 
V-belt drives, /^469 
compressors drU'en by, iv. 
512 

• correction factor for, iv, 

479 

of faults in, iv. 472 , 

drive design formulae, iv. 
473 

horse-power rating tables, 
/V. 477 

installation of drives, iv. 472 
low-speed drives, iv. 481 
pitch, diameters, and 
lengths, /V. 482 
types and selection of, iv. 
471 

Vee-Cee oil-bflrner, iv. 303 
Vernier and micrometer calli- 

• p^rs, /. 256 
protractcJT, Hi. fif 

Vertical crankshal’t drilling 
machine, i. 299 
drilling machines^'- 289 
Vibration in stean^ur bines, 
IV. 435, 440,m5 
Victualic joints, steel pipes, iv. 
365 

Vointe pump, the, iv. 151 
Vulcan hydraulic ram, the, iv. 
183 


Wallsend-Howden oil-fuel 
systems, iv. 285 
Wardite^ i. 235 

Wamlite accident preven- 
tion, ii. 228 


Waste-heat boilers^ /v. 199 
Water: • 

pooled bearings, /\u237 
OTaining, steam pliant, iv. 

• 403 
‘turbines, /V. 
heaters (see below) 
level, steam planr, iv. 403, 
407 

properties <ff (Wall Chart 

treatment {see below) 

Water jieaters, iv. 212 
Baby, iv. 278 

closed or surface heater, iv. 

273 

direct-contact heating, iv. 

274 ^ 

hot tap water, iv. 277, 278 
Junior Cox, iv. 21 S 
steam for, iv. 272, 278 
Tricone heater, iv. 276 
water data, iv. 278 (see also 
- Wall Chart Nf>. 5) 

Weir type, iv. 11 A I 

Water treatment, boilers, iv. 
350. 

alkalinity, iv. 352 
Aquastat plant, iv. 360, 
361 

caustic embrittlement, iv. 
361 

concentration and blow- 
down, iv. 362 
corrosion, iv. 362 
dugrees of hardness, iv. 
351 

de-oiling, iv. 361 
electrical conditioning, iv. 

360 ^ 

hydrogen-ion metlrfd of, iv. 

358 ^ 

lime-soda process, iv. 356 
Z^oftTfT process, iv. 357 
Permuut apparatus, iv. 352, 
*357 et seq. 

Softening systems, iv. 356 
Water-tube boilers : 

(land), iv. 216, 226 
(marine), iv. 240 
Weighbridges, Hi. 375 
aircraft weighing, Hi. 386 
for railways. Hi. 380 
indicators. Hi. 378 
installation. Hi. 380 
locomotive balancing. Hi. 
382 

operations. Hi. 377 
road traffic. Hi. 380 
Weir direct-acting pump, iv. 
132, 134 

type water heaters, iv. 21 A 


Welding: 

I accessories, n. / 

acetylene cylyjders, H. 65 
automobile bodies, /^140 
“back-up” strips, if. 148 
blowpipe name, //. 1 1 1 
blowpipes, H. 62 et seq. 
brasses rfind bronzes, ii. 
89 

bronze welding, ii. 91, 105 
butt joints, alufiimium, //. 
Ill 

castings, ii. 98 
cast iron, ii. 75 
copper, H. 81, 483 
downhand butt welding, ii. 
66 

electrical supply, ii. 135 
electrodes, arc, ii. 6 
eye protection, ii. 12 
fillet, ii. 69 

flame brazing^ aluminium, 
/V^108 

•fusion, ii. 361 
gases, ii. 63 

guns, types of, ii. 146, 147 
in shipyards, H. 130 et seq . ; 
Hi. 166, 175 

joints, pipes, iv. 364 et seq. 
magnesium, ii. 88 
metallic arc, H. 1 
oxy-acetylene, //. 56 et seq,, 
361 

oxygen cylinders, ii. 65 
poker welding, ii. 150 
projection, ii. 151 
protective shields, ii. 8, 72 
resistance, ii. 34- 55 
roller-type spot welder, ii. 

149 ^ 

rotary fixture^ Hi. 101 
seam, H. 151 
sheet aluminium, ii. 84 
ships’ boilers, Hi. 193 
Si) bronze, ii. 95, 100, 106 
spot, roller-type, ii. 149 
stainless steels, H. 73 
stud. Hi. 193; (Nelson gun), 
Hi. 175 

Unionmelt machine, ii. 135 
vertical method, ii. 70 
Weybridge wood propeller 
blade, Hi. 209 
Wheels: 

determining, in differential 
indexing, i. 346 
painting, Hi. 161 
plastic, ii. 487 
screw-cutting, i. 240 
si^ds, grinding, i. 257 
Whitworth dimensions, bolts. 
Hi. 320 





Wickes Crank<ihaft lathe, Hi, 

118 ^ u 

pin-tu'hiin^-nachine, //7. 14y 
boiler;'' hand-fired, /v. 

in ■ ^ 

Wimet, i. 235 

carbide-Upped tools, /. 466 
Wire(s): 

-drawing (iee below) 
-drawing dies, ii. 427 
ImperiafStandard gauge for, 
/■/. 362 

materials for, /. 535 
testing of, iiL 307 
■ machine, UL 308 
threading, i. 542 
Wiredrawing, i. 535 
cold or hot processes, /. 540 
copper, bronze, and brass 
wires, /. 535 

die tandem copper-rod 
machirf;i> i. 53'6 
iron and steel wii'es,,/. 537 
machines, i. 538, 543 , 
non-ferrous metal, /. 536 
pointing machine, the, /. 542 
resetting^ the dies, /. 542 
rotary sv/aging process, i. 
542 

speed control, i. 539, 543 
threading operation, /. 542 
tungsten-carbide dies, /. 543 
Woodeson burner, the, iv. 338 
Wood pattern-making, /. 31 
{see also Pattern-making) 


Woodruff key, /. 15 
Work homing, methods of 
(milling), /. 332 , 

supporting devices, Hi. ,j 4 
Workshop(s) : ^ 

Ioconr?5ti{;<e, Hi. 189 
metallurfe,^ i. 19 
practidfc, uero engines, in. 


231 

presses for, 201 
Works visits, publicity value 
of, Hi. 25 


X-ray analysis of crystals, /. 30 
examination of castings, /. 
103 

metals, iv. 33 
steam pipes, iv. 390 


Y-alloy, B.S. for, i. 30 
Yarrow marine boilers, iv. 
193 

Yarrow f/ater-tube boiler^ 
(land), zv. 226 
air for, control of, iv. 234 
ash hopRprs, emptying of, 
zv. 237'^ 

banked fires, iv. 235 
bdhrings, water-cooled, zv. 
237 

connecting to steam range, 
zv. 231 

feed- water, zv. 236 
for gas firing, zv. 234 


Yarrow J' water-tube boilers 
(land) — Contd. 
fuei firing, iv. 233 « 
maintenance whilst in ser- 
vice, iv. 231 -y 
marine type {see below) 
operation of, zv. 232 
overhaul, periodical, «v. 238 
side walls, cleaning, zv. 237 
soot blowers, zv. 232, 236 
working pressures, zv. 230 
Yarrow water-tube boilers 
(marine), zv. 240 
air-supply for, zv. 243, 246 
burners for, zv. 245 
connecting up, zv. 242 
efficiency chart for, zv.»244 
feed- and boiler-water, iv. 
250 

layout for, zv. 242 
MeLeSco superheater for, 
zv. 247, 248 

oil temperature, iv. 243 
raising steam, zv. 240 . 
shutting down,‘zv. 253 
soot blower^, zv. 251 
under w'^> (iv. 243 
Yield stress, materials, Hi. 292 


Zeiss equipment, zzz. 40, 42, 
^ 44,49 

Zeo-Karb material for water 
treatment, zv.. 358 
Zinc, ii. 296 














